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INTRODUCTION 
The "bulk-population procedure is different from most other 
plant breeding methods that are based on man-directed selection 
in that it makes use, almost exclusively, of natural selection 
to change gene frequencies in a plant population. This method 
has been associated with selection for fitness characters be­
cause a bulk population represents a very complex mixture of 
genotypes kept under a state of constant competition for space 
and nutrients over variable production environments. Under 
these circumstances, the best competitors will be those with 
the highest production of seed and the best surviving capacity 
from zygote to adulthood (Harlan and Martini, I938). Often, 
the best competitors are not necessarily the best agronomic 
strains. 
Results with the bulk-population method have been contra­
dictory on its usefulness as a breeding method. However, there 
are a sufficiently large number of cases where the bulk-
breeding method has been successful in improving the gene fre­
quencies of agronomic traits, that it is used quite extensively 
by breeders of autogamous crop species. 
High yield under a single set of environmental conditions 
is not enough to make a cultivar useful. It must be adaptable 
to variable environments to be economically profitable and 
agronomically safe to use. Bulk populations, as such, tend to 
be more stable over environments than do pure lines or less 
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complex genotypic mixtures. However, little study has been 
given to the stability of lines derived from bulk populations. 
The primary objectives of my study were: (a) to assess 
changes in quantitative traits that may have occurred in bulk 
populations carried exclusively under natural selection in 
three different selection environments, and (b) to determine 
whether the lines within bulk populations tended toward 
greater or lesser production stability across environments. 
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LITERATURE REVIEW 
Natural Selection 
The phenotype reflects both the nongenetic and genetic 
influences on the development of an organism. Collectively, 
nongenetic factors constitute what is called environment. 
Phenotypic responses to changes in the environment vary among 
genotypes, and this interplay in effects of genetic and non­
genetic forces in development is defined as "genotype-
environment interaction" (Gomstock and Moll, I963). 
Allard and Bradshaw (196^ ) classified environmental varia­
tion as predictable and unpredictable. Variation due to the 
general characteristics of locations, i.e., type of soil, 
nutrient availability, etc., were considered predictable, 
variation due to years or seasons was unpredictable. This 
latter type of environmental variation which is transient is 
difficult to measure. 
Until recently, it was thought that genetic variability 
in populations of autogamous species was stored primarily as 
variation among homozygous genotypes. These, by occasional 
intermating and subsequent selfing, would produce a new set of 
homogeneous lines. Jain and Allard (i960), studying the evolu­
tion of marker genes in Composite Cross V of barley, found 
that some marker loci had a greater degree of heterozygosity 
than could be explained by the known percentage of outcrossing. 
So, they concluded that populations of autogamous plants also 
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stored substantial potential genetic variation in favorable 
heterozygotes. The advantage of the heterozygotes evolved 
in autogamous species as a compensation for the low level of 
outcrossing. 
Dobzhansky (1951) in his theory of adaptive polymorphism 
stated "genetic variability makes a species capable of evolv­
ing in response to changes in the environment." Pfhaler 
(1965) proposed that the year x genotype interaction for grain 
production in oats was under genetic control, and Morley 
(1959) claimed that responses of genotypes to microclimatic 
differences were genetically controlled. Selection and type 
of mating were more important than mutation or genetic drift 
in determining what changes occurred in the composition of 
Composite Cross V during 15 generations of natural selection 
according to Allard et al. (I972). On the other hand, Morley 
(1959) felt that rate of evolutionary change might be more 
dependent on rate of change in the environment than on proper­
ties of the populations. 
Natural selection acts as a stabilizing force. Whether 
this stability is achieved via a selection advantage for 
metric intermediates (Wright, 1935) or heterozygotes (Lemer, 
195^ ) has not been clearly established. Jain and Allard 
(1960), Allard and Jain (I962), Allard et al. (1972) found 
that both directional and stabilizing selection were opera­
tional in barley populations. Selection favored heterozygotes, 
but at the same time, the most fit lines among the metric 
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intermediate were also favored. 
Adaptability 
Phenotypic stability, defined as the ability of the geno­
type to buffer the organism against environmental variation, 
has been associated with heterosis (Lerner, 195^ » Griffing 
and Langridge, I963). A stable cultivar is defined as one 
which can adjust its phenotypic state in response to transient 
fluctuations of the environment to give high economic returns 
for any location and season (Allard and Bradshaw, 1964). Oka, 
1967, as cited in Matsuo (1975) 1 defined this as general 
adaptability, and established a second category called specific 
adaptability which is the ability of the crop to react to and 
or resist particular stresses such as cold, drought, disease, 
etc. 
No single trait has been singled out as a prime determi­
nant of general adaptability (Frankel, 1969). General adapt­
ability is complex and results from an interaction of many 
traits and processes which contribute to increased efficiency 
of the adaptable genotype (Matsuo, 1975)" Good examples are 
the "universal" varieties of wheat from Mexico (Borlaug, 
1968), the miracle rice varieties from The Philippines and 
Taiwan, and soybeans from Taiwan (Oka, 1975). all of which 
have in common photoperiod insensitivity as an important 
factor in their wide adaptability. This trait or any other by 
itself, however, does not make a poorly adapted genotype a 
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universal variety (Frankel, I969). 
Allard (I96I) suggested the existence of a simple rela­
tionship "between genotypic heterogeneity and stability. His 
results with lima beans showed a higher stability for bulk 
populations than for lines and mixtures. Prey and Maldonado 
(1967) with oats and Rasmusson (I968) with barley also found 
that heterogeneous populations were more stable than pure 
lines for performance over environments. Busch et al. (I976) 
did not find that bulk populations of wheat were more stable 
than pure lines. 
A major problem in breeding varieties adapted to a wide 
range of environments is the assessment of adaptability. Yates 
and Cochran (1938) suggested that the magnitude of the geno­
type X environment interactions shown by different genotypes 
would be related to their adaptabilities. Finlay and Wilkin­
son (1963) proposed that the stability of a genotype to fluc­
tuating environments could be measured as the regression of 
its productivities in a series of environments upon the pro­
ductivity indexes of those environments. Environmental in­
dexes were the means of all varieties in the experiment. A 
variety with average stability would have a regression of 
unity, and those with regression above and below 1.0 would be 
adapted specifically to high- and low-productivity environ­
ments, respectively. A completely stable genotype would have 
a regression of zero, but such a genotype, even if found, would 
have an associated low mean yield because it could not give 
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high yield in a low productivity environment (Frey, 1972). 
Therefore, a compromise must be reached between stability and 
yield because in commercial production, an acceptable mean 
yield is necessary as well as stable production across 
environments. 
Eberhart and Russell (I966) carried the stability analy­
sis further to divide the contribution of a given genotype to 
genotype x environmental interaction into a component due to 
the linear response of the genotype to changing environment and 
another due to deviations from the linear response. Modifica­
tions to this model were introduced by Perkins and Jinks (I968) 
and Freeman and Perkins (1971) which resulted in no change in 
ability to identify widely adapted genotypes, but some change 
in ability to identify poorly adaptable genotypes (Easton and 
Clements, 1973; Luthra and Singh, 1974). The regression tech­
nique has been tested widely for yield in several organisms 
with contradictory results. Breese (I969) with grasses, Easton 
and Clements (1973) with wheat, Fripp and Caten (I97I) with 
Schizophyllum commune. Langer et al. (1976) with oats found 
that a high proportion of the variation due to genotype x 
environment interaction was accounted for by linear regression, 
whereas Fatunla (1973) and Eagles (1975)» working with oats, 
found that little of the genotype x environment interaction was 
due to heterogeneity of linear regressions. 
Several researchers have shown the existence of genetic 
variability for the stability parameters regression and 
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deviations from regression (Eberhart and Russell, I966; 
Pacucci and Frey, 1972; Patanothai and Atkins, 1974; Wu, 1975» 
Busch et al., 1976). However, the heritability values for the 
regression stability index (Fatunla and Frey, 1976; Eagles, 
1975; Wu, 1975) are low, and therefore, contradictory to 
genetic determination for this trait. The correlation between 
regression stability parameters and mean yields also have been 
contradictory. In some cases the association has been high 
(Fatunla and Frey, 1974b; Eagles, 1975) a.nd in others low 
(Langer et al., 1976). High correlation between these traits 
would indicate that it would be difficult to select stable 
genotypes with high yields. 
Bulk-Population Method 
The bulk-population method of plant breeding makes use of 
natural selection acting upon a heterogeneous population of 
competing genotypes. With competition, the primary traits 
affected by selection are those related to survival of a 
genotype and its ability to produce progeny for the following 
generation, i.e., fitness traits. Harlan and Martini (1938) 
concluded, from a study on evolution in a mixture of 11 barley 
genotypes grown for several years at 10 locations, that sur­
vival in competition depended upon a genotype's prolificacy 
producing seeds that would give plants in the following gen­
eration. Consequently, for the bulk-population method to be 
useful a positive relationship between yield and fitness 
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traits is necessary. Jain (I96I) reported correlations of 
0.9 between fitness as measured by the total number of seeds 
per plot and yield in the Fy, F^  ^and F^ ^^  of Composite 
Cross V of barley; the response of both traits was positive 
to natural selection. Oka and I.iorishima (1971) observed that 
bulk populations from Oryza perennis x 0. sativa evolved to­
ward cultivated plant types. Another important consideration 
regarding usefulness of this method relates to the yielding 
ability of pure lines from it. Blijenburg and Sneep (1975) 
found that in six years a mixture of eight barley genotypes 
was reduced nearly to one (86# of the mixture), but the yields 
of the genotypes in monoculture were in agreement with their 
competing abilities. Florell (I929) was successful in isolat­
ing high yielding lines from bulk populations of wheat in F^  
and F^ . 
The results of application of the bulk-population method 
of plant breeding have been contradictory with some positive 
and some negative results. 
Adair and Jones (1946) subjected bulk populations of rice 
to several selection environments, and they found differential 
responses for days to heading, plant height, grain type, and 
presence of awns in the surviving bulks. Also, Johnson and 
Singh (1970) reported differential responses to natural 
selection for yield, heading date, and maturity period in bulk 
populations of barley grown during five generations (Fj^  to Fg) 
under different selection environments. In both of these 
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studies, the shift of the gene pool was in the direction of 
desirable traits. Tucker and Harding (1974) found a signifi­
cant divergence for yield in the and F^ i two hybrid 
bulk populations of lima beans grown successively at two loca­
tions. A continuous improvement in yield level was observed 
by Suneson and Stevens (1953) in composite crosses of barley 
when grown over long periods of time at Davis, California. 
According to Suneson (1956) lines isolated from early genera­
tions of bulk populations of barley did not show yield improve­
ment but lines isolated after did. 
Fatunla and Prey (1974a) studied the evolution of a 
radiation and a nonradiation derived bulk populations of oats 
grown for several generations at Ames, Iowa and found changes 
in the means of yield, plant weight, seed number per plot, and 
plant height. Most of the changes occurred between F^  and F^ ^^  
for the nonradiated line of descent but a more gradual change 
was observed for the radiated one. In a composite of 6,000 
barley entries, Rasmusson et al. (I967) obtained a 9*50 in­
crease in yield during six years of natural selection in a 
late-planted environment in Minnesota. Warnes and Johnson 
(1972) obtained significant increase in winter survival from 
Pg to Fj^  with bulk hybrids of winter-tender x winter-hardy 
barley crosses, but none of the bulks attained superiority 
over the hardy parent. Marshall (1976) found that natural 
selection was effective in increasing winter survival of hy­
brid bulks of oats. 
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On the negative side, Frey (196?) did not find signifi­
cant changes for seed weight, height of plant, and date of 
heading for a bulk population of oats grown during five gen­
erations. Finkner (1964) rated the bulk-population method as 
inefficient for selecting winter-hardy genotypes of oats. 
Taylor and Atkins (195^ ) found no improvement for yield in 
barley populations subjected to several selection environments. 
In spite of the negative results reported in some cases, 
the bulk-population method can be an economic way to manage 
variable populations with little cost until they are ready for 
more sophisticated man-directed selection for the traits the 
breeder intends to maximize. 
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MATERIALS AND METHODS 
Material 
The materials for this study were three samples derived 
from a bulk population of Fg seeds originated by mixing 10-g 
seed lots from approximately 250 oat crosses. Each sample was 
propagated in consecutive generations in one of three natural 
environments, northern, central, and southern Iowa. These 
three environments varied in mean seasonal temperature, soil 
type, and disease incidence. Each generation in each line of 
descent was represented by approximately 90*000 plants, and 
2 the seeding rate was 3OO per m . To obtain seed for propaga­
tion in each generation the seed (30 to 70 kg) harvested in the 
previous generation from a line of descent was divided in six 
lots, and equal size samples were taken from each to make a 
3.0-kg composite for planting and a 1.0-kg lot for cold 
storage. Accessions of populations and lines of descent are 
given in Table 1. 
During winter, 197^ » 150 plants from F^ , F^ , Fr,, F^  and 
F^ ]^  of each line of descent were grown in the greenhouse and 
each plant was used to establish an oat line. In 197^ > 100 
lines from each line of descent were sown in the field to in­
crease the seed supplies. The 1,500 increase hills were spaced 
75 cm apart in perpendicular directions. 
Hereinafter, each group of lines from a generation within 
a line of descent will be referred to as a "population". 
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Table 1. Evolution of the three oat lines of descent 
Lines of descent 
Northern Central Southern 
Iowa Iowa Iowa Generation Year 
A5^ 3 A5^ 5 A546 1957 
A640 A617 A6O6 1959 
B107 B116 B109 Fy 1961 
B326 B337 B329 Fn 1963 
B407 B400 B410 1965 
Experimental Methods 
Stability experiment 
To assess stability parameters for oat lines from the 
various generations and lines of descent, I sowed an experi­
ment which included 15 environments. The environments and 
their characteristics are listed in Table 2. My experiment 
was arranged in an augmented blocks design (Federer and 
Raghavarao, 1975» Fatunla, 1973)* In each environment there 
were 2 blocks of 288 plots each. Each block was divided into 
two subblocks of 144 plots. A subblock was sown to 120 ex­
perimental lines (3 lines of descent, 5 generations per line 
of descent, and 8 lines from each generation) plus 24 check 
varieties. Each subblock contained a different sample of 
experimental lines and was sown in a complete-block design. 
Table 2. Characteristics of the environments used in the stability experiment, in­
cluding location, type of rotation, factor of environmental variability, 
date of planting of experiments and long-term grain yield relative to the 
yield of environment no. 4 
Environ­
ment no. Location Rotation^  Factor 
Date of 
planting 
Relative 
grain, 
yield° 
1 Ames None Temperature May 1/75 -
2 Ames None Temperature May 13/75 -
3 Ames None Temperature Kay 22/75 -
4 Castana 3 Check Apr 17/75 1.0 
5 Gastana 2 Check Apr 17/75 1.7 
6 Castana 3 67 kg ha~^  N Apr 17/75 2.7 
7 Castana 1 19.8 tons ha~^  manure Apr 17/75 3.7 
e Castana 2 19.8 tons ha~^  manure Apr 17/75 4.7 
9 Sutherland 1 23 kg ha"l N May 2/75 6.3 
10 Sutherland 1 90 kg ha""^  N May 2/75 7.2 
11 Kanawha 1 Check May 5/75 3.8 
12 Kanawha 1 67 kg ha"^  N May 5/75 4.3 
13 Kanawha 1 202 kg ha"^  N May 5/75 5.3 
14 Kanawha 1 135 kg ha"l N May 5/73 5.0 
15 Kanawha 2 135 kg ha"^  N May 5/75 5» 5 
R^otations: 1 = com, com, oat, meadow; 2 = com, oat, meadow, meadow; 
3 = com, oat, com, oat-sweet clover. 
A^ll environments except 9. 10 and 13 include years 65-73» 9 and 10 include 
years 63-72 and I3 includes 72-73» 
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Thus, experimental lines were not replicated within an en­
vironment but the check varieties were replicated 4 times. 
A plot was a hill sown with 30 seeds, and plots were 
spaced 30 cm apart in perpendicular directions. A block of 
288 plots had dimensions of 12 x 24 hills, and each block was 
surrounded by 2 rows of hills to provide competition for 
peripheral plots. 
When mature, the plants in a plot were harvested, weighed 
to provide a bundle weight (g), and threshed. Next, grain 
yield was measured in g per plot, straw yield per plot was 
computed by subtracting grain yield from bundle weight, and 
harvest index was calculated as grain yield divided by bundle 
weight. These four traits were measured on all plots in all 
environments, but 100-seed weight was taken on each plot in 
only 10 environments, numbers 1, 2, 3, 6, 8, 9, 10, 11 and 
15. All yield data were converted to kg ha~^  for statistical 
analysis. 
Genetic experiment 
To assess for changes in quantitative traits brought about 
by natural selection, a second experiment was sown in Ames at 
the Agronomy Farm. In this experiment, 216 experimental lines 
and 24 check varieties (the same ones as used in the stability 
experiment) were used. The experimental lines consisted of 24 
from each of the 3 generations, F^ , F^  eind F^ *^ in each line 
of descent. 
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The experimental design was a randomized complete block 
with eight replicates. All experimental procedures for this 
experiment were the same as those used for the stability ex­
periment. Replicates 1, 2, and 3 were planted in duplicate, 
with one of the sets being used for taking field notes and 
the other three plus replicates 4 and 5 being used for yield 
measurements. In this experiment measurements were taken upon 
(a) heading date—number of days after May 31 when 50^  of the 
panicles in a plot were completely emerged above the flag leaf; 
(b) plant height—cm from ground level to the tip of the 
panicles at maturity; (c) number of spikelets per panicle— 
mean number per five panicles; and (d) flag leaf length—mean 
of five measurements per plot. Measurements on these four 
traits were taken on three replicates. Bundle weight, grain 
and straw yields, harvest index, and 100-seed weight were mea­
sured on five replicates using the same procedures as explained 
for the stability experiment. 
Both the stability and genetic experiments were sprayed 
with a fungicide at weekly intervals from anthesis to maturity 
to eliminate foliar diseases from the plants. 
Statistical Methods 
For the statistical analysis of the data from the stabili­
ty experiment the following model was used: 
%ljk = ^  + Ei + Pj + + EV^ jk + (1) 
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where represents the response of experimental line k in 
population j to the test environment i, 
p. = grand mean of the experiment, 
p. = effect of population j (i.e., the joint effect of 
J 
generation and line of descent), 
= effect of test environment i, 
EP. . = interaction of population j and test environment i, 1 J 
= effect of experimental line k within population j, 
EV^ j^  = interaction of experimental line k from population 
j with test environment i, and 
i^kl ~ error estimated from the check varieties. 
Assumptions for this model are that (a) is a NID random 
variable with mean zero and variance a , and (b) populations 
are fixed and test environments and lines within populations 
are random. The analysis of variance for this model is given 
in Table 3* 
The mean square for environments was tested against that 
for error estimated from the analysis of the check varieties. 
When environment x population and environment x lines/popula­
tions mean squares were significant, they were used to test the 
populations and lines/populations mean squares. The line of 
descent x generation mean square, if significant, was used to 
test mean squares for lines of descent and generations as well 
as orthogonal comparisons derived from them. 
The model for analyzing data from the 24 check varieties 
was as follows; 
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Table 3. Analysis of variance for the model used for data 
collected from the stability experiment 
Degrees of 
Source of variation freedom 
Environments (E) e-1 
Populations (P) p-1 
Lines of descent (LD) (g-1) 
Generations (G) (g-1) 
LD X G (s-l)(g-l) 
Environments x populations (E x P) (e-l)(p-l) 
Lines/populations p(t-l) 
Environments x lines/populations (è-l)p(t-l) 
Error^  
E^rror mean square taken from replicated check varieties 
in same experiment. 
%ikl = P + V%. + EV^ j^  + e^ ki , (2) 
where = response of variety k in replicate 1 of test 
environment i, 
|i = overall mean, 
Ej^  = effect of test environment i, 
Vj^  = genotypic effect of variety k, 
EV^  ^= interaction of variety k and test environment i, 
-1 = effect of replicate 1 within the test environment 
i, and 
®ikl " experimental error of variety k in replicate 1 and 
and test environment i. 
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The analysis of variance for this model is given in Table 4. 
Table 4, Analysis of variance for the model used on data 
from check varieties grown in the stability ex­
periment 
Degrees of 
Source of variation freedom 
Environments (e-1) 
Reps/environments e(r-l) 
Entries (t-1) 
Environments x entries (e-1)(t-l) 
Error e.(r-l)(t-l) 
The genetic experiment was analyzed according to the 
modelt 
i^jk = Pi + Bi + Pj + , (3) 
where = performance of line k from population j in 
replicate i, 
= overall mean, 
= effect of replicate i, 
Pj = effect of population j (effect of line of descent 
and generation), 
= effect of line k in population j, and 
e^ jj^  = experimental error of line k of population j in 
replicate i. 
The analysis of variance for this model is given in Table 5» 
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Table 5» Analysis of variance for the model used for data 
collected from the genetic experiment 
Source of variation 
Degrees of 
freedom 
Replications 1^ 1 
Populations p-1 
Checks vs. exp. lines 1 
Lines of descent (LD) (s-1 ) 
Generation (G) (g-1) 
Generation linear 1 
Generation quadratic 1 
Lack of fit (g-3) 
LD x G (s-l)(g-l) 
Lines (populations) p(t-l) 
Residual (r-l)(pt-l) 
If significant, the lines of descent x generations mean square 
was used to test the mean squares for lines of descent» gen­
erations, and the orthogonal comparisons derived from them. 
Otherwise, the error mean square was used. 
For the stability analysis, the model used to describe 
the performance of a line within a population in any test 
environment was that proposed by Perkins and Jinks (I968), and 
later modified by Freeman and Perkins (1971) to be used with 
independent estimates of the environmental values* 
21 
Yl- = (I + + Ej + BiZj + 5ij . 
where ~ performance of line i in test environment j, 
H = overall mean, 
d£ = additive genetic contribution of line i, 
E. = additive contribution of environment j, 
3 
3^  = linear regression coefficient for line i, 
Zi = independent estimate of environmental index for 
J 
environment j, and 
6. . = deviation from regression for line i in environ-
X J 
ment j. 
The independent environmental index, Z-, was estimated by 
J 
f I I ^  g 
^ 3  ~  t  .  r  " t . r . s  '  
where _ performance of check variety i in environment j 
and replicate k, 
t = number of check varieties, 
r = number of replicates, 
s = number of environments. 
Freeman and Perkins (1971) suggested the use of independent 
estimates of environmental indexes, because those indexes 
estimated from the same genotypes under test might be corre­
lated to the values regressed on them, and this might reflect 
inaccurate estimation of the stability parameters. Fripp and 
Oaten (I97I), Fripp (I972), and langer et al. (I976) have 
shown that the general conclusions drawn with respect to the 
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tested genotypes were the same whether the environmental 
indexes were estimated from the same, related, or unrelated 
genotypes. One of the major advantages of using an independent 
set of varieties for estimation of the environmental indexes 
is that comparison can "be established between different groups 
of experimental lines tested in different years through the 
common estimators of the environment (Langer et al., 1976). 
The population means and the line means were corrected for the 
linear effect, Ej, as followsi 
where the expression in parentheses is the estimate of E^ . If 
this corrected value is called C. . then 0• will be estimated 
j  ^
and the sum of squares for heterogeneity of regressions is 
estimated ast 
2 C. " Z 2 g 
V-f 1  ^J J 
S.S. for heterogeneity of regressions = , k —J 
 ^ z z/ 
j  ^
The sum of squares for deviations from regression, the genotype 
X environment residual, is estimated by the difference between 
the population x environment or line x environment sum of 
squares and the heterogeneity of regressions sums of squares 
23 
(Table 6), 
Table 6. Partition of genotype-environment interaction in 
stability analysis 
Source of variation 
Degrees of 
freedom Sums of squares 
Line x environment (L x E) (t-1 )(s-l) 
Heterogeneity of 
regressions (t-1 ) 
2 C• • 2 
Zr(j  ^J) 1 
s Y 
L X E residual (t-1)(s-2) By difference 
The sum of squares for heterogeneity of regressions was 
divided into a portion due to the convergence of the regres­
sion lines, and a portion due to nonconvergence. For any 
line i, the regression index (1 + was tested by a t test 
to determine whether it was different from one. The signifi­
cance of the mean squares for deviations from regressions were 
tested by F tests against the error mean square. When the 
L X E residual mean square was significant, it was used to 
test the mean square for heterogeneity of regression and the 
mean squares for convergence and nonconvergence. 
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RESULTS 
Evolution of quantitative traits 
Plant, straw, and grain yields 
It was possible to measure the evolution of plant, straw, 
and grain yields in both the stability (Table 8) and genetic 
experiments (Table 10), and there were significant differences 
among populations and among the lines within populations for 
all three traits in both experiments. Environments in the 
stability experiment were clearly different in productivity 
for each trait, and in all cases the populations and lines 
within populations responded differentially to the 15 environ­
ments. Check varieties as a group differed significantly from 
experimental lines as a group for these three traits measured 
in the genetic experiment (Table 10). 
The sum of squares for populations in each experiment was 
divided into sources due to differences among generations, 
among lines of descent, and their interaction. In the stabili­
ty experiment, there was significant variation among lines of 
descent for plant, straw and grain yields, but in the genetic 
experiment, significant differences for this source were not 
observed (Tables 8 and 10). According to both experiments, 
means for these three traits were very similar for the lines 
of descent from northern (NI) and central Iowa (CI), but those 
from southern Iowa (SI) tended to be lower (Tables 12 and 14). 
The advantages of the NI and CI lines of descent over those for 
Table ?• Mean squares from analyses of variance for plant, straw, and grain yields, 
harvest index, and 100-seed weight of check oat varieties measured in the 
stability experiment 
Degrees Degrees 
Sources of 
variation 
of 
freedom 
Plant ^ 
yield 
Straw, 
yield 
Grain, 
yield 
Harvest 
index 
of 
freedom 
100-seed 
weight 
Environments (E) 14 159.38 61, .17 25.05 957.65 9 2.5032 
Replications/E 45 2.69 1. 16 0.52 101.06 30 0.1408 
Varieties (V) 23 21.12 7. 25 4.52 223.43 23 1.2404 
E X V 322 0.96 0. '33 0.25 18.96 207 0.0528 
Error 1035 0.66 0, ,23 0.15 13.50 690 0.0297 
*Times 10*. 
Table 8. Mean squares from analyses of variance for plant, straw, and grain yields, 
and harvest index of lines of oats measured in the stability experiment 
Sources of 
variation 
Degrees 
of 
freedom 
Plant 
yield 
Straw 
yield 
Grain: 
yield 
Harvest 
index 
Envi ronments (E) 14 1357.84** 543.56** 191.27** 4873.43** 
Populations (P) 14 27.45** 10.21** 4.90** 128.57** 
Lines of descent (LD) 2 57.29** 24.66* 7.14* 243.35 
Generations (G) 4 47.98* 13.98 11.13** 190.58 
ID X G 
» 
a 9.?%** 4.71** 1.23** 68.86** 
E X P 196 1.43*» 0.54** 0.32** 19.22** 
Lines/P 465 11.21** 4.70** 2.25** 187.49** 
E X Lines/P 6510 1.47** 0.56** 0.32** 21.19** 
Error^  1035 0.66 0.23 0.15 13.50 
T^imes 10^ . 
E^rror mean square from replicated check varieties on same 15 environments 
(Table 7). 
*,^ S^ignificant at P < 0.05 and P < 0.01, respectively. 
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Table 9. Mean squares from analysis of variance for 100-seed 
weight of oat lines measured in the stability 
experiment 
Sources of 
variation 
Degrees of 
freedom 
Mean square 
100-seed 
weight 
Environments (E) 9 12.5314^ * 
Populations (P) 14 0.3517** 
Lines of descent (ID) 2 0.6369 
Generations (G) 4 0.1783 
LD X G 8 0.3670^ « 
E x P 126 0.0489** 
Lines/P 465 0.6104** 
E X Lines/P 4185 0.0347** 
Error®" 690 0.0297 
E^rror mean square from replicated checks on same 10 
environments (Table 7)-
••Significant at P < 0.01. 
SI were 6^  for plant and straw yields and for grain yield 
(Table 12), whereas the advantages shown in the genetic ex­
periment were only 1 to Generation means, averaged over 
lines of descent, were significantly different for plant and 
grain yields in both experiments (Tables 8 and 10), but there 
was a tendency for all three traits to increase with advancing 
generations (Tables 11 and 13). In the stability experiment, 
however, where five generations were sampled, there were 
Table 10. Mean squares from analyses of variance for plant, straw, and grain yields, 
harvest index, and 100-seed weight of lines of oats measured in the 
genetic experiment 
Sources of 
variation 
Degrees 
of 
freedom 
Plant, 
yield 
Straw 
yield 
Grain, 
yield 
Harvest 
index 
100-seed 
weight 
Replications 4 22. 70** 12.50** 3.23** 237.75** 0.6025** 
Populations (P) 9 42. 64** 15.01** 8.12** 125.19** 1.2389** 
Checks vs. lines 1 248. 58** 93.96** 31.03** 98.80** 2.0200** 
Lines of descent (LD) 2 3. 22 1.68 0.89 96.55 0.4600** 
Generations (G) 2 51. 08* 10.03 15.85* 301.60 2.7000 
G linear 1 99. 41* 19.46* 30.91* 532.30* 5.0500* 
G quadratic 1 2. 76 0.60 0.79 70.90 0.3500 
LD X G 4 6. 65** 1.94** 2.14** 57.90** 0.7025** 
Lines/populati ons 230 9. 62** 4.41** 1.73** 80.09** 0.4619** 
Error 956 1. 08 0.53 0.21 12.01 0.0286 
i^mes 10^ . 
*,**Significant at P < 0.05 and P < 0, 01, respectively. 
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Table 11. Generation means, averaged over lines of descent, 
for plant, straw, and grain yields (kg ha-1), 
harvest index, and 100-seed weight (g), measured 
in the stability experiment 
Genera­ Plant Straw Grain Harvest 100-seed 
tion yield yield yield index weight 
3^ 5052 2861 2191 44.3 2.81 
"5 5189 2909 2274 44.9 2.82 
5171 2907 2263 44.7 2.83 
9^ 5146 2861 2285 45.3 2.83 
5530 3098 2432 44.8 2.85 
21 13 10 0.1 0.01 
II standard error of a mean. 
Table 12. Means for lines of descent, averaged over genera­
tions, for plant, straw, and grain yields (kg ha"!), 
harvest index, and 100-seed weight (g), measured 
in the stability experiment 
Lines of Plant Straw Grain Harvest 100-seed 
descent yield yield yield index weight 
NX 5304 2972 2333 44.8 2.80 
CI 5309 2999 2306 44.5 2.84 
SI 5039 2811 2228 45.1 2.84 
Sx" 17 10 8 0.1 0.004 
8^^  = standard error of a mean. 
30 
Table 13» Generation means, averaged over lines of descent 
for plant, straw, and grain yields (kg ha"l), 
harvest index, and 100-seed weight (g), measured 
in the genetic experiment 
Genera­ Plant Straw Grain Harvest 100-seed 
tion yield yield yield index weight 
7326 4521 2805 38.2 2.91 4 7804 4735 3070 39.6 2,96 
4 8069 4849 3219 40.0 3.08 
55 38 24 0.2 0.01 
= standard error of a mean. 
Table 14. Means for lines of descent, averaged over genera--
tions, for plant, straw, and grain yields (kg ha"^ ), 
harvest index, and 100-seed weight (g), measured in 
the genetic experiment 
Lines of Plant Straw Grain Harvest 100-seed 
descent yield yield yield index weight 
NI 7779 4767 3012 38.7 2.95 
CI 7796 4708 3088 39.7 3.02 
SI 7624 4630 2994 39.4 2.99 
55 38 24 0.2 0.01 
8^— = standard error of a mean. 
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actually two major changes, one between and and the other 
between F^  and F-j^ -j^  (Table 11). In the genetic experiment, the 
changes over generations were linear for all three yield 
traits (Tables 10 and 13). As estimated in both experiments, 
the increase in plant yield from F^  to F^  ^was ça. 10^ . This 
increase, however, was disproportionately distributed between 
grain and straw. The increase in straw yield was ça. 7 to 8$&, 
whereas grain yield was increased ça. 12 to 15%' 
Because lines of descent showed significant differences 
and generations and lines of descent interacted significantly, 
each line of descent was analyzed separately to get a better 
view of the changes in generation means within lines of descent 
(Tables 15• 16, and 18). 
The response to natural selection was mainly linear for 
plant and grain yields in all lines of descent, but for straw 
yield, only the NI and SI lines of descent showed a linear 
trend for generations. Although the general trend between F^  
and F^  ^was one of increasing means over generations for plant, 
straw, and grain yields in the three lines of descent, some 
differences occurred among them (Tables 19 and 20). When 
measured in the stability experiment, the NI line of descent 
was characterized by two major changes in means for these 
traits, between F^  and F^  (200 kg ha~^  for grain) and between 
F^  and F^  ^(170 kg ha"^  for grain). The overall change in 
grain yield from F^  to F^ ^^  was ça. Ikfo in the stability and 
ça. 10^  in the genetic experiment. Between F^  and F^ , there 
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Table 15» Mean squares from analyses of variance, by line of 
descent (i.e. , northern, central, and southern 
Iowa), for plant and straw yields of oat lines mea­
sured in the stability experiment 
Sources of Degrees of Plant Straw 
variation freedom yield yield 
Northern Iowa 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/ G 
E X lines/G 
Error® 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/G 
E X lines/G 
Error" 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/ G 
E X lines/G 
Error® 
14 
4 
1 
1 
2 
56 
155 
2170 
1035 
Central Iowa 
461.89** 
20.72** 
29.12** 
1.40 
26.19** 
1.42** 
9.53** 
1.47** 
0.6o 
183.96** 
5.56** 
3.57** 
1.21 
8.73** 
0.50** 
4.11** 
0.54** 
0.23 
14 477.93** 191.61** 
4 5.48** 2.57** 
1 10.24** 0.86 
1 9.79** 7.58** 
2 0.94 0.93 
56 1.26** 0.54** 
155 13.63** 5.83** 
2170 1.65** 0.64** 
1035 0.66 0.23 
Southern Iowa 
14 421.31** 169.31** 
4 41.22** 15.26** 
1 107.75** 36.66** 
1 43.77** 17,80** 
2 6.67* 3.29** 
56 1.49** 0.53** 
155 10.46** 4.17** 
2170 1.30** 0.50** 
1035 0.66 0.23 
i^mes 10^ . 
E^rror mean square from replicated check varieties on 
same 15 environments. 
**Significant at P < 0.01. 
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Table 16. Mean squares from analyses of variance, by line of 
descent (i.e., northern, central, and southern 
Iowa), for grain yield and harvest index of oat 
lines measured in the stability experiment 
Sources of Degrees of Grain Harvest 
variation freedom yield index 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/G 
E X lines/G 
Error° 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/G 
E X lines/G 
Error" 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/G 
E X lines/G 
Error" 
Northern Iowa 
14 
4 
1 
1 
2 
56 
155 
2170 
1035 
Central Iowa 
14 
4 
1 
1 
2 
56 
155 
2170 
1035 
Southern Iowa 
14 
4 
1 
1 
2 
56 
155 
2170 
1035 
66.50** 
5.61** 
12.30** 
0.01 
5.07** 
0.30** 
1.98** 
0.33** 
0.15 
65.48** 
1.56** 
5.85** 
0.25 
0.07 
0.28** 
2.37** 
0.35** 
0.15 
59.99** 
6.42** 
18.71** 
5.75** 
0.61 
0.35** 
2.41** 
0.29** 
0.15 
1558.73** 
148.62** 
369.76** 
12.74 
105.99** 
16.12 
I87.02** 
20.68** 
13.50 
1566.50** 
127.80** 
137.50** 
273.61** 
50.05 
16.49 
186.72** 
20.61** 
13.50 
1798.92** 
51.88 
4.31 
79.61 
61.80 
21.98** 
188.74** 
22.28** 
13.50 
&Times 10^ . 
E^rror mean square from replicated check varieties on 
same 15 environments. 
**Significant at P < 0.01. 
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Table 1?. Mean squares frora analysis of variance, by line of 
descent (i.e., northern, central, and southern 
Iowa), for 100-seed weight of oat lines measured 
in the stability experiment 
Sources of Degrees of 100-seed 
variation freedom weight 
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/G 
E X lines/G 
Error^  
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/ G 
E X lines/G 
Error^  
Environments (E) 
Generations (G) 
G linear 
G quadratic 
Lack of fit 
E X G 
Lines/ G 
E X lines/G 
Error^  
Northern Iowa 
9 
4 
36 
155 
1395 
690 
Central Iowa 
1 
1 
2 
g 
36 
155 
1395 
690 
Southern Iowa 
g 
36 
155 
1395 
690 
1 
1 
2 
1 
1 
2 
4.0924** 
0.1737* 
0.4070** 
0.0427 
0.1225 
0.0551** 
0.5979** 
0.0500** 
0.0297 
4.2151** 
0.3570** 
0.0431 
0.0224 
0.6811** 
0.0276 
0.7378** 
0.0540** 
0.0297 
4.4243** 
O.38I8** 
0.6618** 
0.2181* 
0.3236** 
0.0384 
0.4954** 
0.0578** 
0.0297 
E^rror mean square from replicated check varieties on 
same 10 environments. 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
Table 18. Mean squares from analyses of variance, by line of descent (i.e., 
northern, central, and southern Iowa), for plant, straw, and grain 
yields, harvest index, and 100-seed weight of oat lines measured in 
the genetic experiment 
Sources of Degrees of Plant Straw^  Grain Harvest 100-seed 
variation freedom yield yield yield index weight 
Northern Iowa 
Replications 4 6.49** 4.14** 0.81** 77.68** 0.1577** 
Generations (G) 2 10.46** 2.63** 3.06»* 146.62** O.8I92** 
G linear 1 18.95** 5.27** 4.24** 84.72* 1.6187** 
G quadratic 1 1.96 0.00 1.88** 208.52** 0.0197 
Lines/G 69 9.52** 4.20** 1.96** 94.70** 0.4673** 
Error 284 1.07 0.53 0.22 12.67 0.0300 
Central Iowa 
Replications 4 8.44** 4.66** 0.87** 55.65** 0.2002** 
Generations (G) 2 12.24** 1.56 5.59** 110.60** 0.0736 
G linear 1 15.34** 0.89 8.85** 188.75** 0.0567 
G quadratic 
69 
1 9.13** 2.24* 2.33** 32.44 0.0905 
Lines/G 10.55** 4.56** 1.86** 66.39** 0.4682** 
Error 284 1.17 0.56 0.23 13.35 0.0268 
Southern Iowa 
Replications 4 7.40** 3.63** 1.45** 89.08** 0.1269** 
Generations (G) 2 41.68** 9.71** 11.48** 160.18** 3.2150** 
G linear 1 80.97** 19.38** 21.13** 289.57** 5.6734** 
G quadratic 1 2.39 0.04 1.84** 30.79 0.7566** 
Lines/ G 69 10.82** 5.47** 1.77** 99.34** 0.5110** 
Error 284 1.12 0.55 0.18 9.62 0.0303 
T^imes 10^ . 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
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Table 19• Generation means, "by line of descent, for plant, 
straw, and grain yields (kg ha-i), harvest index, 
and 100-seed weight (g), measured in the stability 
experiment 
Genera­ Plant Straw Grain Harvest 100-seed 
tion yield yield yield index weight 
Northern Iowa 
5017 2836 2181 44.2 2.77 
'5 5#2 3057 2385 44.8 2.82 
5345 3027 23I8 44.2 2.81 
5181 2875 2305 45.3 2.80 
4 5538 3063 2475 45.4 2.83 
Central Iowa 
F) 5285 3042 2242 43.7 2.86 
F 5230 2932 2277 44.6 2.99 
Fy 5265 2975 2290 44.6 2.88 
F, 5268 2941 2327 45.2 2.84 
Fll 5496 3104 2392 44.3 2.82 
Southern Iowa 
F) 4853 2705 2149 45.1 2.81 
F 4896 2738 2158 45.1 2.85 
F? 4902 2720 2182 45.2 2.82 
F 4989 2766 2223 45.6 2.83 
Fll 5556 3128 2428 44.7 2.90 
Sx"" 37 22 18 0.2 0.01 
Checks 4224 2302 1922 46.2 2.86 
43 36 20 0.2 0.01 
= standard error of a generation mean in any line of 
descent. 
= standard error of the difference of a generation 
mean and the check means. 
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Table 20. Generation means, by line of descent, for plant, 
straw, and grain yields (kg ha"!), harvest index, 
and 100-seed weight (g), measured in the genetic 
experiment 
Genera- Plant Straw Grain Harvest 100-seed 
tion yield yield yield index weight 
Northern Iowa 
F; 7446 4617 2828 37.6 2.86 
F 7883 4769 3115 39.8 2.96 
Fll 7900 4914 3094 38.8 3.02 
95 67 43 0.3 0.02 
Central Iowa 
F) 7430 4591 2839 38.6 3.01 
8021 4820 3201 40.1 2.99 
Fix 7936 4713 3223 40.4 3.04 
% 99 68 44 0.3 0.02 
Southern Iowa 
F3 7101 't353 2748 38.5 2.87 
7509 46l6 2893 39.0 2.93 
Fll 8263 4922 3341 40.7 3.18 
97 68 39 0.3 0.02 
Checks 6216 3721 2495 40.2 2.85 
s? 134 94 41 0.3 0.02 
II 
standard error of a generation mean. 
standard error of the difference between a genera-
tion mean and the check means. 
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was little or no change. In the CI and SI lines of descent, 
as measured in the stability experiment, the only major change 
for plant and straw yields occurred between and For 
grain yield in CI there was a constant but slight increase 
over generations, with the total change being ça. 7%* whereas 
in SI, the total change was ça. 13?5. When measured in the 
genetic experiment, the overall change in grain yield was 
ca. 14^  for the CI and ça. 21?^  for the SI lines of descent. 
There were some discrepancies between the stability and genetic 
experiments with respect to the generations when major in­
creases occurred in the means of plant, straw, and grain yields 
and the actual magnitudes of change, but, generally, the 
trends shown were quite similar. 
As expected, the changes in generation means for the three 
lines of descent were accompanied by changes in the composition 
of oat line means within lines of descent also (Tables 21, 22, 
23, 24, 25, and 26). There was a general tendency for all 
three traits to have a reduction in number of genotypes in the 
lower and an increase in the higher yield classes. 
It is interesting that means for the check varieties were 
lower than the corresponding ones for any of the generations 
of the experimental population, including the F^  which had the 
lowest yield levels. This indicates that the experimental 
materials were quite elite with respect to genetic potential 
for plant, straw, and grain yields. 
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Table 21. Frequency distributions of plant yields for oat 
lines measured in the stability experiment 
Class midpoints x 10 (kg ha"^ ) 
uenera­
tion 265 365 465 565 665 765 Mean 
Northern Iowa 
1 5 13 10 3 - 5017 
F; - 1 12 11 7 1 5442 
Fy - - 13 14 5 - 5345 
9^ 1 3 10 12 6 - 5180 
1^1 - 2 6 17 6 1 5538 
Central Iowa 
3^ 1 7 7 9 6 2 5285 
- 4 14 11 2 1 5230 
7^ 
- 4 11 14 2 1 5265 
9^ - 3 11 13 5 - 5268 
1^1 - 1 11 13 6 1 5496 
Southern Iowa 
3^ - 7 16 5 3 1 4853 
- 4 17 9 2 - 4896 
7^ 
- 6 13 9 4 - 4902 
9^ - 3 16 11 2 - 4989 
1^1 - 1 10 14 7 - 5556 
Checks 1 8 15 - — — 4224 
39 
Table 22. Frequency distributions of plant yields for oat 
lines measured in the genetic experiment 
Class midpoints x 10 (kg ha"^ ) 
tion 500 700 900 1100 Mean 
Northern Iowa 
3^ 2 13 9 - 7445 
1 16 3 4 7883 
Fll 1 13 8 2 7900 
Central Iowa 
7 8 8 1 7430 
2 11 9 2 8021 
"ll 2 9 
Southern 
13 
Iowa 
• 
7936 
6 12 5 1 7101 
5 10 8 1 7509 
Fll 2 9 9 4 8263 
Checks 10 14 - - 6216 
Harvest index 
The evolution of harvest index in the three lines of 
descent was evaluated in both the stability and genetic ex­
periments. In both, there were significant mean squares for 
among populations and among lines within populations (Tables 
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Table 23. Frequency distributions of straw yields for oat 
lines measured in the stability experiment 
Class midpoints x 10 (kg ha"^ ) 
ueiieia-
tion 145 205 265 325 385 445 Mean 
Northern Iowa 
1 4 12 11 3 1 2836 
- 3 14 8 6 1 3057 
- 1 14 13 3 1 3027 
- 5 16 6 5 - 2875 
hi - 1 13 12 6 - 3063 
Central Iowa 
1 7 4 12 6 2 3042 
- 5 13 9 4 1 2932 
^7 - 5 10 13 2 2 2975 
- 4 13 10 5 - 2941 
1^1 - 2 12 11 5 2 3104 
Southern Iowa 
3^ - 9 14 7 1 1 2705 
- 8 17 3 4 — 2738 
7^ 
- 7 14 9 2 - 2720 
9^ - 7 15 9 - 1 2766 
1^1 - 3 9 12 7 1 3128 
Checks 1 15 8 — — — 2302 
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Table 24, Frequency distributions of straw yields for oat 
lines measured in the genetic experiment 
Class midpoints x 10 (kg ha"^ ) Genera-
tion 260 380 500 620 740 860 Mean 
Northern Iowa 
3^ 1 7 13 3 - -
Fy ~ 14 4 5 1 -
Fll - 5 16 1 2 -
Central Iowa 
F3 3 8 8 4 1 -
- 7 13 2 2 -
Fll - 10 12 2 - — 
Southern Iowa 
F3 - 15 7 2 - -
1 12 5 5 - 1 
Fll 1 6 11 4 2 -
"lecks 1 21 2 
4617 
4769 
4914 
4591 
4820 
4713 
4353 
4616 
4922 
3721 
8 and 10), The mean harvest index for the check varieties was 
significantly larger than the means of the experimental lines 
(Table 10). In the stability experiment there was significant 
variation among environments, populations, and lines within 
populations, and also for the interaction of these two latter 
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Table 25. Frequency distributions of grain yields for oat 
lines measured in the stability experiment 
Genera- Class midpoints x 10 (kg ha"^ ) 
tion 120 160 200 240 280 320 Mean 
Northern Iowa 
3^ 2 3 12 9 6 - 2181 
'5 - 2 7 13 10 - 2385 
^7 - - 12 17 3 0 2318 
^9 1 2 9 12 8 - 2305 
hi 1 - 5 14 9 3 2474 
Central Iowa 
3^ 1 5 11 5 9 1 2242 
1 2 10 13 4 2 2277 
7^ - 3 9 13 7 - 2290 
9^ - 1 11 14 5 1 2327 
1^1 - 2 9 9 12 - 2392 
Southern Iowa 
F3 1 7 9 10 3 2 2148 
- 4 15 12 1 - 2158 
7^ 1 6 10 9 6 - 2182 
9^ 1 3 11 11 6 - 2223 
1^1 - 2 8 8 12 2 2428 
Checks 1 6 13 4 - - 1922 
^3 
Table 26. Frequency distributions of grain yields for oat 
lines measured in the genetic experiment 
Class midpoints X 10 (kg ha-1) 
Generation 140 220 300 380 460 Mean 
Northern Iowa 
4 5 9 6 - 2828 
- 2 15 6 1 3115 
pii 5 
Central 
12 
Iowa 
6 1 3094 
^3 
- 9 12 3 - 2839 
^7 
- 4 12 6 2 3201 
Fn 1 2 10 10 1 3223 
Southern Iowa 
^3 1 10 8 5 - 2748 
1 6 13 4 - 2893 
Fll - 3 11 8 2 3341 
Checks 1 14 9 - - 2495 
factors with environments. Although generation and line of 
descent interactions occurred in both experiments, the small 
changes that occurred over generations were linear. The change 
for harvest index over lines of descent was very small, i.e., 
0.5 from to F^  ^in the stability and I.7 in the genetic 
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experiment (Tables 11 and 13)• Analyses of variance by line 
of descent (Tables 16 and 18) showed that when evaluated in 
the stability experiment there was significant improvement in 
harvest index in the NX and CI, but not in the SI line of 
descent. Only in SI was there a significant interaction of 
generation by environment for this trait. In the genetic 
experiment, mean squares for generations were significant in 
all three lines of descent. The trend of change was primarily 
linear in the SI and CI, whereas it was mainly quadratic in 
the NI line of descent. In contrast, the stability experiment 
showed that the change was primarily linear in the NI, mainly 
quadratic in the CI, and no change in SI line of descent. 
These patterns are shown by the generation means within lines 
of descent (Tables 19 and 20) and the frequency distributions 
of line means within generations (Tables 2? and 28). In sum­
mary, there was little change in harvest index over genera­
tions. 
Groups of experimental lines had higher plant and grain 
yields than the check varieties, but the latter had a higher 
harvest index. Interestingly, this same tendency occurred 
with the environmental means (Tables 43 and 44), i.e., environ­
ments with the highest and lowest plant yields had the lowest 
and highest harvest indexes, respectively. 
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Table 2?. Frequency distributions of harvest index for oat 
lines measured in the stability experiment 
... Class midpoints 
Generation 27.0 33*0 39*0 45.0 51.0 Mean 
Northern Iowa 
- 2 5 21 4 44.2 
F^  1 5 22 4 44.8 
Fy 6 24 2 44.2 
F9 - - 6 21 5 45.3 
F^ i - 1 3 21 7 45.4 
Central Iowa 
F^  10 17 5 43.7 
F^  - 1 7 19 5 44.6 
Fy - 1 6 18 7 44.6 
Fo - - 6 20 6 45.2 
F^ i - 1 6 21 4 44.3 
Southern Iowa 
F3 - 1 5 29 7 45.1 
F^ - 1 1 26 4 45.1 
Fy 3 27 2 45.2 
F^ 1 - 3 20 8 45.6 
Fil - 1 6 23 2 44.7 
Checks - - 2 20 2 46.2 
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Table 28. Frequency distributions of harvest index for oat 
lines measured in the genetic experiment 
Class midpoints 
Generation 22.0 30.0 38.0 46.0 Mean 
Northern Iowa 
1 4 16 3 37.6 
- - 20 4 39.8 
Fll 2 
Centrai 
20 
Iowa 
2 38.8 
3^ 1 - 18 5 38.6 
7^ - 1 16 7 40.1 
Fll - 1 15 8 40.3 
Southern Iowa 
3^ 1 3 14 6 38.5 
7^ - 1 19 4 39.0 
Fll - 2 12 10 40.7 
Checks - - 19 5 40.2 
Seed weight and number of spikelets per panicle 
Weight per 100 seeds was assayed in both the stability 
and genetic experiments (Tables 9 and 10), whereas number of 
spikelets per panicle was studied only in the genetic experi­
ment (Table 29). In the stability experiment, mean squares 
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for among populations, lines within populations, environments, 
and both first order interactions of populations and lines 
within populations with environments were significant for 
seed weight. In the genetic experiment (Tables 10 and 29), 
mean squares were significant for among populations and lines 
within populations for both 100-seed weight and spikelet 
number. Neither lines of descent nor generations mean squares 
for the experimental lines was significant for either of the 
two traits (Tables 9, 10, 11, 12, 29, 30, and 31). There 
seemed to be a linear trend of increasing seed weight over 
generations in the genetic experiment but this trend was not 
apparent in the stability experiment. There was ca. 10^  in­
crease in spikelet number between and (Table 30), The 
significant interactions of generations and lines of descent 
for both traits in the genetic experiment and for seed weight 
in the stability experiment indicate that no generation trends 
of increase or decrease occurred in all lines of descent. 
From the analyses of individual lines of descent, I found 
that generations mean squares for seed weight tended to be 
significant in both experiments (Tables 1? and 18). The gen­
eration effect was primarily linear in the NI and SI lines of 
descent in both experiments, whereas in CI it was either non­
significant or nonlinear (Tables 17, 18, 19, and 20). The 
general evolutionary trend was for 100-seed weight to increase 
over generations of propagation. Number of spikelets per 
panicle had a significant linear response to natural selection 
Table 29. Mean squares from analyses of variance for spikelets per panicle, date 
of heading, plant height, and flag-leaf length of oat lines measured 
in the genetic experiment 
Sources of 
variation 
Degrees 
of 
freedom 
Spikelets 
per 
panicle 
Date of 
heading 
Plant 
height 
Flag-leaf 
length 
Replications 2 301.82** 1.23 58.22* 0.87 
Populations (P) 9 270.14** 105.16** 1223.11** 76.89** 
Checks vs. lines 1 938.30** 646.63** 6840.89** 427.92** 
Lines of descent (LD) 2 223.44 78.28 266.74 9.18 
Generations (G) 2 335.46 37.37 1194.35 108.50 
G linear 1 517.02 61.50 2310.19 164.03 
G quadratic 1 153.90 13.24 78.52 52.97 
LD X G 4 93.78** 17.13** 311.23** 7.18 
Lines/populations 230 98.05** 40.03** 217.88** 21.27** 
Error 478 12.48 1.56 13.61 3.27 
•.••Significant at P < 0.05 and P < 0.01, respectively. 
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Table 30. Generation means, averaged over lines of descent 
for spikelets per panicle, date of heading, plant 
height, and flag-leaf length measured in the 
genetic experiment 
Spikelets Date of Plant Flag-leaf 
Generations per panicle heading height length 
3^ 21.8 25.2 94.7 17.7 
7^ 23.9 25.8 96.2 18.9 
Fii 24.0 25.9 99.3 18.9 
0.2 0.1 0.3 0.1 
= standard error of a mean. 
Table 31, Means for lines of descent, averaged over genera­
tions for spikelets per panicle, date of heading, 
plant height, and flag-leaf length measured in the 
genetic experiment 
Lines of Spikelets Date of Plant Flag-leaf 
descent per panicle heading height length 
NI 23.8 26.2 96.7 18.3 
CI 23.9 25.6 97.8 18.6 
SI 22.1 25.0 95.6 18.7 
0.2 0.1 0.3 0.1 
= standard error of a mean. 
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in CI and SI lines of descent, whereas the response in NI was 
nonlinear (Tables 32 and 33). Generally, for seed weight and 
number of spikelets per panicle, the overall change from to 
Fii was greater in SI than in the other lines of descent; how­
ever, the means were not very different for the three 
lines of descent. The pattern of change of the populations 
over generations can be followed in the frequency distributions 
for line means from the different generations within the three 
lines of descent (Tables 3^ » 35,and 36). 
Date of heading, plant height. and flag-leaf length 
Date of heading, plant height, and flag-leaf length were 
studied only in the genetic experiment (Table 29)» For all 
three, there was significant variation among population means 
and among lines within populations. Nearly all of the sig­
nificant variation among populations was due to experimental 
lines vs. check varieties. There were no differences among 
lines of descent or generations, but their interaction was 
significant for heading date and plant height. When the data 
were analyzed by line of descent, there were significant re­
sponses to natural selection in each line of descent for plant 
height and flag-leaf length, and for heading date in CI and 
SI. The response was linear in SI for the three traits and in 
NI for plant height and flag-leaf length. In CI the response 
was nonlinear for all three traits (Tables 32 and 33)* There 
were general trends for plant height and flag-leaf length to 
Table 32. Mean squares from analyses of variance, by line of descent (i.e., 
northern, central, and southern Iowa), for spikelets per panicle, date 
of heading, plant height, and flag-leaf length of oat lines measured in 
the genetic experiment 
Sources of Degrees of Spikelets Date of Plant Flag-leaf 
variation freedom per panicle heading height length 
Northern Iowa 
Replications 2 91.28** 0.03 43.25 0.06 
Generations (G) 2 230.02** 1.26 260.03** 35.01** 
G linear 1 60.58* 2.52 480.34** 64.67** 
G quadratic 1 399. Zi4** 0.00 39.73 5.36 
Lines/G 69 101.37** 44.44** 212.04** 17.09** 
Error 1^ 2 16.33 1.43 15.04 3.08 
Central Iowa 
Replications 2 78.06** 1.06 10.79 0.63 
Generations (G) 2 91.01** 36.24** 117.93** 41.86** 
G linear 1 1#.80** 14.69** 70.84* 24.01* 
G quadratic 1 37.22 57.79** 165.02** 59.71** 
Lines/ G 69 120.58** 45.04** 261.26** 18.32** 
Error 142 13.84 1.31 16.13 3.74 
Southern Iowa 
Replications 2 95.46** 2.42 7.88 0.88 
Generations (G) 2 202.01** 34.13** 1438.85** 45.99** 
G linear 1 382.85** 66.69** 2800.17** 85.41** 
G quadratic 1 21.16 1.57 77.52* 6.58 
Lines/ G 69 90.31** 36.15** 215.48** 31.19** 
Error 142 9.43 2.13 12.27 3.53 
*,^ S^ignificant at P < 0.05 and P < 0,01, respectively. 
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Table 33. Generation means, by line of descent, for spikelets 
per panicle, date of heading, plant height, and 
flag-leaf length, measured in the genetic experi­
ment 
Generation 
Spikelets 
per panicle 
Date of 
heading 
Plant 
height 
Flag-leaf 
length 
'11 
Northern Iowa 
22.2 26.1 
25.7 26.2 
23.5 26.4 
0.5 0.1 
94.6 
97.4 
98.3 
0.5 
17.5 
18.5 
18.8 
0.2 
Sx 
F. 11 
Central Iowa 
22.6 24.9 
24.5 26.4 
24.6 25.6 
0.4 0.1 
97.7 
96.6 
99.1 
0.5 
17.8 
19.3 
18.6 
0.2 
11 
Checks 
Sd 
20.7 
21.6 
23.9 
0.4 
19.5 
0 .6  
Southern Iowa 
24.4 
24.9 
25.8 
0.2 
22.5 
0.2 
91.6 
94.8 
100.4 
0.4 
86.4 
0 .6  
17.8 
18.9 
19.3 
0.2 
15.9 
0.3 
= standard error of a generation mean. 
= standard error of the difference between a genera­
tion mean and the check means. 
53 
Table 34. Frequency distributions of 100-seed weight for oat 
lines measured in the stability experiment 
Class midpoints (g) 
Generation 2.20 2.60 3.00 3.40 Mean 
Northern Iowa 
- 19 12 1 2.77 
2 12 16 2 2.81 
Fll 1 15 13 3 2.83 
Central Iowa 
3^ 3 10 16 3 2.86 
- 11 19 2 2.88 
hi 1 15 16 - 2.82 
Southern Iowa 
3^ 2 13 16 1 2.81 
1 15 13 3 2.82 
Fll - 9 21 2 2.90 
Checks 1 5 18 -
become greater over generations. but heading date means showed 
no trend. 
For each of these traits the difference between and 
Fii were larger in SI than in the other two lines of descent, 
but in general, the changes that occurred were small in 
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Table 35* Frequency distributions of 100-seed weight for oat 
lines measured in the genetic experiment 
Class midpoints (g) 
venera­
tion 2.20 2.60 3.00 3.40 3.80 4.20 Mean 
Northern Iowa 
3^ 1 10 10 3 - - 2.86 
- 9 10 5 - - 2.96 
1^1 7 11 
Central 
5 
Iowa 
1 3.02 
- 5 13 5 1 - 3.01 
- 6 13 4 1 - 2.99 
hi - 5 11 8 - - 3.04 
Southern Iowa 
h - 9 13 2 - - 2.87 
F? - 10 8 6 - - 2.93 
Fil - 4 8 9 3 1 3.18 
Checks 1 9 13 1 M 2.85 
magnitude. The frequency distributions of line means for 
generations in lines of descent (Tables 37t 38, and 39) showed 
that changes in generation means for these three traits were 
caused by the disappearance of lines in the lower classes. 
The populations of experimental lines were later and 
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Table 36. Frequency distributions of spikelets per panicle 
for oat lines measured in the genetic experiment 
Class midpoints 
Generation 15.0 23.0 31.0 39.0 Mean 
Northern Iowa 
3^ 10 9 5 - 22.2 
7^ 4 12 5 3 25.7 
1^1 3 18 2 1 23.5 
Central Iowa 
"3 7 13 3 1 22.6 
7^ 7 7 8 2 24.5 
Fll 4 13 5 2 24.6 
Southern Iowa 
3^ 13 8 2 1 20.7 
7^ 9 11 4 - 21.6 
Fll 3 15 5 1 23.9 
Checks 12 11 1 - 19.5 
taller and had longer flag leaves than did the check variety 
group. 
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Table 37. Frequency distributions of dates of heading for 
oat lines measured in the genetic experiment 
Class midpoints^  
Generation 18.0 22.0 26.0 30.0 34.0 Mean 
Northern Iowa 
3^ 1 7 10 . 3 3 26.1 
7^ 1 8 7 7 1 26.2 
1^1 - 6 15 2 1 26.4 
Central Iowa 
3^ 2 8 11 2 1 24.9 
7^ 1 7 11 2 3 26.4 
1^1 1 7 13 2 1 25.6 
Southern Iowa 
3^ 4 7 9 3 1 24.4 
7^ 1 12 7 3 1 24.9 
1^1 - 7 12 5 - 25.8 
Checks 4 17 2 1 - 22.5 
N^umber of days after May 31. 
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Table 38, Frequency distributions of plant heights for oat 
lines measured in the genetic experiment 
Genera-
tion 70.0 
Class midpoints (cm) 
1.0 90.0 100.0 110.0 120.0 
Northern Iowa 
4 11 5 4 
2 10 6 6 
1 8 12 3 
Central Iowa 
4 6 7 6 1 
1 11 8 4 
2 7 6 9 
Southern Iowa 
5 16 2 1 
2 10 7 4 -
- 7 12 4 1 
Mean 
11 
11 
94.6 
97.4 
98.3 
97.7 
96.6 
99.1 
11 
91.6 
94.8 
100.4 
Checks 11 10 86.4 
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Table 39* Frequency distributions of flag-leaf lengths for 
oat lines measured in the genetic experiment 
Class midpoints (cm) 
Generation 14,0 18.0 22.0 26.0 Mean 
3 
11 
6 
4 
2 
Northern Iowa 
16 2 
13 6 
13 8 
1 
1 
17.5 
18.5 
18.8 
11 
5 
3 
3 
Central Iowa 
16 1 
13 6 
17 3 
2 
1 
17.8 
19.3 
18.6 
11 
7 
1 
Southern Iowa 
12 3 
8 8 
15 6 
1 
1 
2 
17.8 
18.9 
19.3 
Checks 14 15.9 
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Changes in Genotypic Variances 
There was a general tendency for the genotypic variabili­
ties of plant, straw and grain yields within lines of descent 
to decrease over generations (Tables 40 and 41), but the 
trends were not very marked. For harvest index and date of 
heading (Tables 40, 41, and 42), genotypic variability also 
decreased, but there were some increases. The other traits, 
100-seed weight, plant height, number of spikelets per panicle, 
and flag-leaf length, showed no tendency with respect to 
changes in genotypic variances. 
Evolution of Stability Parameters 
The variance analyses for stability parameters made use 
of population and line means. Analysis of the population 
means provides a picture of the status of stability of the 
bulks at various stages of evolution in the three lines of 
descent, whereas analysis of the line means provides informa­
tion about the composition of stability reactions within the 
populations at various stages in the different lines of 
descent. 
The stability parameters were (a) the population or line 
means, (b) the regression (b value) of population or line 
means on environmental indexes, and (c) the mean square for 
deviations from regression. Environmental indexes were esti­
mated by the means of 24 check varieties (Table 43) minus the 
6o 
Table 40. Genotypic variances for plant, straw and grain 
yields, hairvest index, and 100-seed weight within 
generations of the three lines of descent when 
measured in the stability experiment 
Genera­
tion 
Plant* 
yield 
Straw* 
yield 
Grain, 
yield 
Harvest 
index 
100-seec 
weight 
Northern Iowa 
68.11 27.92 17.03 18.60 0.041 
5^ 59.07 28.66 9.25 9.49 0.063 
F? 32.23 21.12 2.84 7.12 0.058 
Fg 58.75 23.99 11.64 8.45 0.067 
50.65 17.36 14.36 11.76 0.045 
Central Iowa 
128.89 56.05 20.79 13.40 0.094 
5^ 89.79 30.60 15.79 10.27 0.079 
64.08 32.70 10.33 13.06 0.064 
9^ 59.97 27.10 8.57 5.73 0.063 
Fu 56.55 26.48 11.86 12.89 0.043 
Southern Iowa 
3^ 82.18 29.63 19.19 12.98 0.043 
48.29 22.80 7.06 6.57 0.041 
7^ 69.11 19.55 17.00 3.46 0.050 
9^ 46.65 27.15 12.75 21.49 0.044 
Fu 59.10 23.23 14.45 10.96 0.041 
Checks 33.61 11.54 7.13 3.40 0.030 
i^mes 10^ . 
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Table 41. Genotypic variances for plant, straw, and grain 
yields, harvest index and 100-seed weight within 
generations of the three lines of descent when 
measured in the genetic experiment 
Genera­
tion 
Plant-
yield 
Straw, 
yield 
Grain-
yield 
Harve st 
index 
100-seed 
weight 
Northern Iowa 
165.80 53.39 58.70 35.44 0.088 
192.12 93.98 20.12 4.81 0.071 
1^1 148.23 71.89 25.22 8.80 0.103 
Central Iowa 
214.82 114.32 28.28 18.44 0.089 
7^ 219.32 88.55 34.64 4.59 0.090 
"ll 129.45 36.65 35.11 8.48 0.085 
Southern Iowa 
3^ 120.50 49.25 37.96 28.96 0.055 
7^ 277.72 157.19 27.49 13.03 0.108 
1^1 184.09 89.30 29.98 11.81 0.124 
Checks 22.40 22.40 8.15 1.29 0.050 
*Times 10^ . 
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Table 42. Genotypic variances for spikelets per panicle, 
date of heading, plant hei^ t, and flag-leaf 
length within generations of the three lines of 
descent when measured in the genetic experiment 
Generation 
Date of 
heading 
Plant 
height 
Spikelets 
per panicle 
Flag-leaf 
length 
11 
11 
F, 
11 
Northern Iowa 
17.87 84.23 
13.78 79.82 
11.34 33.40 
Central Iowa 
13.15 104.71 
19.22 59.57 
11.33 80.55 
Southern Iowa 
16.63 45.15 
10.64 98.68 
6.74 59.24 
25.93 
40.95 
18.54 
27.54 
39.20 
39.70 
28.67 
24.49 
27.47 
2.39 
7.24 
4.37 
3.84 
6.11 
4.70 
8.48 
14.88 
4.29 
Checks 7.45 35.29 12.22 3.65 
Envi: 
ment 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
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Means of plant, straw, and grain yields (kg ha"^ ), 
harvest index, and 100-seed weight (g), for check 
varieties evaluated in the stability experiment 
Plant 
yield 
Straw 
yield 
Grain 
yield 
Harvest 
index 
100-seed 
weight 
5962 3573 2389 40.0 2.84 
5999 3542 2457 41.1 2.74 
5604 3161 2443 43.9 2.57 
2022 982 1039 51.4 2.92 
2309 1266 1043 45.2 -
2631 1346 1285 48.8 3.11 
3441 I850 1591 45.8 -
4420 2527 1893 42.5 2.90 
4627 2418 2210 47.8 3.03 
5323 2813 2511 47.2 2.95 
3065 1547 I5I8 49.7 2.84 
4135 2172 1963 47.9 -
4384 2328 2056 47.4 -
4372 2267 2106 48.3 -
5058 2731 2327 46.4 2.69 
4224 2302 1922 46.2 2.86 
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grand mean of all environments. 
The means for plant, straw, and grain yields, harvest 
index, and seed weight measured in the stability experiment 
are shown in Table 43 for the group of check varieties and 
Table 44 for the group of experimental lines. 
Stability of plant, straw, and grain yields 
The ranges in means from the 15 environments used in the 
stability experiment were ca. 3.0, 3»5» and 2.5 times the low­
est values for plant, straw, and grain yields, respectively 
(Table 43), on the basis of data from the check varieties. 
These ranges and the overall means of 4224, 2302, and 1922 
kg ha"^  for plant, straw, and grain yields, respectively, 
approximated the means and ranges of productivity obtained by 
Iowa farmers in 1975- The upper limits of the ranges were 
somewhat lower than obtained in most years, probably because 
oats were sown very late in 1975» 
Population means For population means, the mean square 
for heterogeneity among regressions, although statistically 
significant for plant and straw yields (Table 45), explained 
only a small proportion of the variation due to environments x 
populations interaction. The percentages of the interaction 
sum of squares that were due to heterogeneity among population 
regressions were 19, 21, and 11 for plant, straw, and grain 
yields, respectively. Further, most regression was accounted 
for by the point of convergence of the regression lines. For 
Table 
Envin 
ment : 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
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Means of plant, straw, and grain yields (kg ha"^ ), 
harvest index, and 100-seed weight (g), for experi­
mental lines evaluated in the stability experiment 
Plant 
yield 
Straw 
yield 
Grain 
yield 
Harvest 
index 
100-seed 
weight 
7390 4454 2936 39.8 2.91 
7687 4647 30I8 39.5 2.66 
6840 4026 2814 41.4 2.53 
2335 1135 1200 51.8 2.91 
2566 1434 1132 44.1 -
3188 1651 1537 48.3 3.02 
4340 2338 2002 45.8 -
5563 3140 2423 43.3 2.91 
5512 2989 2523 46.0 2.93 
6880 3774 3106 45.4 2.90 
3845 2060 1785 46.9 2.86 
4969 2699 2270 46.0 -
5595 3122 2473 44.5 -
5424 2937 2487 46.1 -
6127 3502 2626 47.0 2.63 
5217 2927 2289 44.8 2.83 
Table ^ 5» Mean squares from analyses of variance of population means for plant, 
straw, and grain yields and harvest index evaluated in the stability 
experiment 
Sources of 
variation 
Degrees of 
freedom 
Plants 
yield 
Straw, 
yield 
Grain, 
yield 
Harvest 
index 
Environment x 
population (E x P) 196 1.43** 0.54** 0.32** 19.22** 
Heterogeneity of 
regressions 14 3.69+-+ 1.5#-+ 0.49 21.41 
Convergence 1 46.33++ 19,66++ 5.62++ 97.76+ 
Nonconve rgence 13 0.41 0.19 0.09 15.53 
E X P residual 182 1.25** 0.46** 0.30** 19.05** 
Error^  1035 0.66 0.23 0.15 13.50 
i^mes 10^ . 
E^rror mean square from replicated checks on the same 15 environments. 
+,++Significant at P < 0,05 and P < 0.01, respectively, when tested against the 
E X P residual mean square. 
•^Significant at P < 0.01 when tested against error mean square. 
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each yield trait, this point was below the range of environ­
ments covered in the stability experiment (Table 46),y In all 
cases, the pooled deviations from regression (environments x 
populations residual) sum of squares accounted for most of the 
genotype by environment interactions. 
Table 46. Population means at the points of convergence for 
plant, straw, and grain yields (kg ha-1) and 
harvest index, evaluated in the stability experi­
ment 
Plant Straw Grain Harvest 
Traits yield yield yield index 
Means 1633 848 564 32.0 
When the production stability regressions were plotted 
against generation numbers for each line of descent, the re­
gression lines fitted to these points (Figures 1, 2, and 3) 
had slopes not significantly different from zero for the yield 
traits. This indicates that the increasing trends observed 
for the b values of plant, straw, and grain yields did not 
represent statistically significant changes in mean stabili­
ties for the populations with advancing generations. Finally 
t tests showed that none of the regression coefficients for 
population means were different from one. 
Line meajis The stability analyses for lines within 
generations in the three lines of descent are given in Tables 
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1.0 
08 
F Fi 
generations 
Figure 1. Scatter diagram of regression stability indexes for 
plant yield population means vs. generation numbers 
in the NI, CI, and SI lines of descent 
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1.0 
0.8 
F F 
generations 
Figure 2. Scatter diagram of regression stability indexes for 
straw yield population means vs. generation numbers 
in the NI, CI, and SI lines of descent 
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1.2 
0.8 
F 
generations 
Figure 3. Scatter diagram of regression stability indexes for 
grain yield population means vs. generation numbers 
in the NI, CI, and SI lines of descent 
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4?, 48, and 49 for plant, straw, and grain yields, respec­
tively. The mean squares for heterogeneity among regressions 
were highly significant for all generations in all lines of 
descent except one (Py for plant yield in NX). This source of 
variation explained little of the variation due to genotype by 
environment interaction (from 4.8# for plant yield in the Fy 
of NX to 20.0# for straw in the of CI). In each line of 
descent, most of the variation due to heterogeneity among re­
gressions was explained by the convergence points of the re­
gression lines. All convergence points were below the ranges 
of environmental indexes in the stability experiment. 
Frequency distributions of the stability regression in­
dexes for the oat lines did not show a changing pattern over 
generations in any line of descent or for any yield trait 
(Tables 50» 52, and 54). High proportions of the regression 
stability indexes for oat lines did not differ significantly 
from unity in all three lines of descent, but the lines of 
descent did differ in these proportions (Tables 51» 53» and 
55)' For example, with plant yield, 11, 27, and 13# of the 
lines had regressions that differed significantly from 1.0 
in NI, CI, and SI, respectively. For straw yield, comparable 
values were 7» 14, and 9#» respectively, and for grain yield, 
they were 4, 14, and 11#, respectively. Obviously, the CI 
line of descent had the largest proportions of oat lines with 
regression values significantly different from 1.0 for all 
three traits. This tendency is verified by the fact that 
Table 4?. Mean squares from analyses of variance on means of lines within genera­
tions and lines of descent for plant yield evaluated in the stability 
experiment 
Sources of 
variation 
Degrees of 
freedom 
Generations 
3^ 5^ 7^ F9 Pll 
Northern Iowa 
1.25** 1.53** 1.40** 1.58** 1.58** 
1.33** 
26.18++ 
0.50 
1.25** 
1.92** 
30.72++ 
0.96* 
1.50** 
0.93 
9.47++ 
0.65 
1.43** 
1.77** 
27.68++ 
0.91 
1.57** 
2.07** 
22.62++ 
1.38* 
1.55** 
0.66 0.66 0.66 0.66 0.66 
Central Iowa 
1.81** 1.56** 1.43** 1.71** 1.73** 
4.36++ 
100.92++ 
1.14* 
1.62** 
2.70++ 
58.96++ 
0.82 
1.47** 
2 « 63++ 
47.65*-+ 
1.13** 
1.34** 
2.91++ 
49.54++ 
1.36** 
1.62** 
2.06** 
26.68++ 
1.24** 
1.70** 
0.66 0.66 0.66 0.66 0.66 
Environment x 
lines (E x L) 434 
Heterogeneity of 
regressions 31 
Convergence 1 
Nonconvergence 30 
E X L residual 403 
Error^  1035 
Environment x 
lines (E x L) 434 
Heterogeneity of 
regressions 31 
Convergence 1 
Nonconvergence 30 
E X L residual 403 
Error^  1035 
i^mes 10^ . 
E^rror mean square from replicated check varieties on the same 15 environments. 
++Significant at P < 0.01 when tested against the E x L residual mean square. 
*,^^Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
error mean square. 
Table 4?. (Continued) 
Sources of 
variation 
Degrees of 
freedom 
Generations 
11 
Southern Iowa 
Environment x 
lines (E x L) 434 
Heterogeneity of 
regressions 
Convergence 
Nonconvergence 
E X L residual 
Error^ 1035 
31 
403' 
1 
30 
1.36** 1.17** 1.18** 1.32** 1.47** 
2•63++ 
47.78++ 
1.12** 
1.26** 
1.46** 
20.71++ 
0.82 
1.15** 
1.37** 
28.98++ 
0.45 
1.16** 
1.49** 
23.34++ 
0.76 
1.31** 
1.75** 
24.91++ 
0.97 
1.45** 
0.66 0.66 0.66 0.66 0,66 
Table 48. Mean squares^  from analyses of variance on means of lines within.genera-
tions and lines of descent for straw yield evaluated in the stability 
experiment 
Sources of 
variation 
Degrees of 
freedom 
Generations 
3^ 5^ Fy 9^ Fll 
Northern Iowa 
0.49** 0.57** 0.54** 0.54** 0.57** 
0.77+ 
15* 80++ 
0.27 
0.46** 
O.99++ 
18.39++ 
0.41* 
0.53** 
0.49** 
8.57++ 
0.22 
0.54** 
0.96++ 
17.22++ 
0.41* 
0.51** 
0.92+ 
12.73++ 
0.52** 
0.54** 
0.23 0.23 0.23 0.23 0.23 
Central Iowa 
0.72** 0.65** 0.57** 0.64** 0.61** 
2.00++ 
50•82++ 
0.38* 
0.62** 
1.02+ 
22.41++ 
0.31 
0.63** 
1.46++ 
30.88++ 
0.48** 
0.50** 
I.3I++ 
23.76++ 
0.56** 
0.59** 
0.83** 
14.34++ 
0.38* 
0.59** 
0.23 0.23 0.23 0.23 0.23 
Environment x 
lines (E X L) 434 
Heterogeneity of 
regressions 31 
Convergence 1 
Nonconvergence 30 
E X L residual 403 
Srror^  IO35 
Environment x 
lines (E X L) 434 
Heterogeneity of 
regressions 3I 
Convergence 1 
Nonconvergence 30 
E X L residual 403 
Error^  IO35 
i^mes 10^ . 
E^rror mean square from replicated check varieties on the same 15 environments. 
+,++Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
E X L residual. 
*,**Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
error mean square. 
Table 48. (Continued) 
Sources of 
variation 
Degrees of 
freedom 
Generations 
11 
Southern Iowa 
Environment x 
lines (E x L) 4^ 4 
Heterogeneity of 
regressions 
Convergence 
Nonconvergence 
E x L residual 
Error^ 1035 
31 
403' 
1 
30 
0.51** 0.47** 0.43** 0.55** 0.54** 
1.04++ 0.73+ 0.54** 0.96++ 0.79+ 
23.15++ 14.13++ 9.67++ 17.35++ 12.58++ 
0.31 0.29 0.24 0.41** 0.39* 
0.47** 0.45** 0.42** 0.51** 0.52** 
0.23 0.23 0.23 0.23 0.23 
Table 4-9. Mean squares from analyses of variance on means of lines within genera­
tions and lines of descent for grain yield evaluated in the stability 
experiment 
Sources of Degrees of Generations 
variation freedom Fy F^  F^ ^^  
Northern Iowa 
Environment x 
lines (E X L) w 0.26** 0.33** 0.32** 0.36** 0.37** 
Heterogeneity of 
0.34** regressions 31 0.35** 0.25* 0.30** 0,50** 
Convergence 1 6.83++ 3.20++ 1.19* 3.64++ 6.22++ 
Nonconvergence 30 0.12 0.26** 0.22* 0.19 0.31** 
E X L residual 403 0.26** 0.33** 0.32** 0.37** 0.36** 
Error^  1035 0.15 0.15 0.15 0.15 0.15 
Central Iowa 
Environment x 
lines (E X L) 434 0.36** 0.31** 0.31** 0.36** 0.41** 
Heterogeneity of 
0.44** 0.41+ regressions 31 O.72++ O.59++ 0.52** 
Convergence 1 12.14++ 11.11++ 5.13++ 4.32++ 5. 51++ 
None onve rgenc e 30 0.34** 0.24* 0.28** 0.28** 0.36** 
E X L residual 403 0.33$* 0.28** 0.30** 0.35** 0.40** 
Error^  1035 0.15 0.15 0.15 0.15 0.15 
®Times 10*. 
E^rror mean square from replicated check varieties on the same 15 environments. 
+,++Signifieant at P < 0.05 and P < 0.01, respectively, when tested against the 
E X L residual mean square. 
*,**Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
error mean square. 
Table 49. (Continued) 
Sources of 
variation 
Degrees of 
freedom 
Generations 
11 
Environment x 
lines (E X L) 434 
Heterogeneity of 
regressions 
Convergence 
None onvergenc e 
E X L residual 
Error^ 1035 
Southern Iowa 
31 
403' 
1 
30 
0. 31** 0.25** 0. 27** 0.29** 0.34** 
0. 62++ 0.30** 0. 42** 0.47** 0.48** 
9. 27++ 2.65^  8. 35H- 7.351-+ 7.30++ 
0. 33** 0.22* 0. 16 0.24* 0.25* 
0. 28** 0.25** 0. 26** 0.28** 0.32** 
0. 15 0.15 0. 15 0.15 0.15 
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Table 50. Frequency distributions of stability regression 
indexes for plant yield of oat lines measured in 
the stability experiment 
Class midpoints 
Generation 0.2 0.6 1.0 1.4 1.8 b>2,0 
Northern Iowa 
3^ 
7^ 
1^1 
3^ 3 
5^ 
1 
1^1 
3^ 
5^ 
"7 
9^ 
Fil 
Checks - 3 20 
8 18 6 — -
8 17 6 1 -
3 25 3 1 -
7 18 6 1 -
9 16 6 1 -
Central Iowa 
8 12 6 2 1 
8 19 4 - 1 1—1 CO 
6 2 -
5 18 8 - -
9 16 6 1 -
Southern Iowa 
8 16 6 - 1 
10 17 4 1 -
5 19 8 - -
5 20 7 - -
8 14 10 — _ 
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Table 51» Frequency distributions of oat lines classified 
according to regressions and deviations from 
regression (dev.) for plant yield assayed in the 
stability experiment 
b NS^  dif. from 1.0 
Generation b<1.0 NS dev. S dev. b>1.0 
Northern Iowa 
2 14 15 1 
F^  9 21 2 
Fy - 18 13 1 
F^  1 12 19 
F^ ]^  2 10 19 1 
Central Iowa 
F^  5 10 15 2 
F5 5 9 18 
Fy 2 11 18 1 
F^  3 10 18 1 
1 12 19 
Southern Iowa 
F3 3 11 15 3 
F^  1 21 10 
Fy 2 19 11 
F9 2 15 15 
4 14 14 
Checks 1 19 4 
®NS = not significant at P < 0.05. 
= significant at P < 0.05« 
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Table 52. Frequency distributions of stability regression 
indexes for straw yield of oat lines measured in 
the stability experiment 
Genera Class midpoints 
tion b<0.0 0.2 0.6 1.0 1.4 1.8 b>2.0 
Northern Iowa 
Pj - - 8 17 6 1 
- - 10 15 5 1 1 
Fr, - - 6 20 5 1 — 
Fg - - 7 17 6 2 
F^ l - - 9 14 8 1 
Central Iowa 
F^  - 3 7 14 4 3 1 
F^ - 10 15 6 - 1 
Fy - 1 10 13 6 1 1 
Fp 1 - 6 17 5 3 
^ 1 1  -  -  7  1 7  7  1 -
Southem Iowa 
F^  — — 6 20 5 — 
F^  - - 8 18 5 1 
Fy - - 6 17 9 
Fg - - 9 17 4 1 
Fll - 1 7 14 9 1 
Checks - - 2 19 3 -
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Table 53» Frequency distributions of oat lines classified 
according to regressions and deviations from re­
gression (dev.) for straw yield assayed in the 
stability experiment 
Generation b<1.0 
b dif. from 1.0 
NS dev. dev. b>1.0 
11 
11 
F, 
11 
Northern Iowa 
3 15 
1 9 
13 
3 12 
2 9 
Central Iowa 
7 4 
4 10 
6 8 
3 10 
3 10 
Southern Iowa 
6 10 
1 21 
2 16 
4 10 
3 12 
11 
20 
18 
16 
20 
17 
17 
16 
17 
18 
15 
10 
14 
15 
17 
3 
2 
1 
1 
1 
4 
1 
2 
2 
1 
Checks 20 
^NS = not significant at P < 0.05. 
= significant at P < 0.05. 
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Table 5^ . Frequency distributions of stability regression 
indexes for grain yield of oat lines measured in 
the stability experiment 
Class midpoints 
Generation 0.2 0.6 1.0 1.4 1.8 
CM 
Northern Iowa 
3^ 1 8 14 9 - -
- 10 13 7 2 -
7^ 
- 6 20 5 1 -
9^ 1 6 17 7 1 -
Fil 1 8 15 7 - 1 
Central Iowa 
3^ 4 8 8 9 3 -
5^ 1 9 14 5 2 1 
^7 1 9 13 8 1 -
^9 1 5 20 4 2 -
1^1 2 8 11 9 2 -
Southern Iowa 
3^ 3 8 13 5 3 -
1 3 21 6 1 -
7^ 2 5 15 10 - -
9^ 2 7 14 7 1 -
1^1 1 9 13 8 1 -
Checks 14 
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Table 55* Frequency distributions of oat lines classified 
according to regressions and deviations from re­
gression (dev.) for grain yield assayed in the 
stability experiment 
Generation 
b NS^  dif. from 1.0 
b<1.0 NS dev. dev. b>1.0 
Pr 
11 
11 
11 
Northern Iowa 
3 17 
1 12 
1 16 
13 
1 12 
Central Iowa 
4 13 
3 16 
4 11 
1 11 
3 9 
Southern Iowa 
2 18 
2 20 
3 18 
4 15 
2 17 
12 
19 
15 
19 
18 
14 
10 
16 
19 
19 
10 
10 
11 
13 
11 
Checks 19 
®'NS = not significant at P < 0.05. 
= significant at P < 0.05. 
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the mean squares for heterogeneity among regressions was 
generally larger in the CI than in the NI and SI lines of 
descent (Tables 4?, 48, and 49). 
When oat lines were classified according to significance 
vs. nonsignificance of both regressions and deviations from 
regressions (Tables 51» 53. and 55)» for plant, straw, and 
grain yields, the resulting frequency distributions in the SI 
line of descent were different from those in NI and CI. The 
primary difference was that the SI line of descent contained a 
very high proportion of lines for which neither regression nor 
deviations from regression were significant. Stability 
parameter distributions for the check varieties were very 
similar to those found for the populations of experimental 
lines (Table 56). 
Stability for harvest index 
Population means There was no significant hetero­
geneity among the regression coefficients for the population 
means of harvest index (Table 45). Only 8# of the variation 
for genotype x environment interaction was due to heterogeneity 
among regressions, but contrary to the situation for plant, 
straw, and grain yields, little of the variation due to 
heterogeneity among regressions was accounted for by the point 
of convergence. 
The plot of the regressions against generation number 
(Figure 4) showed that no consistent changes occurred over 
Table 56. Mean squares from analyses of variance on means of varieties within 
the check population for plant, straw, and grain yields, and harvest 
index evaluated in the stability experiment 
Sources of 
variation 
Degrees of 
freedom 
Plant, 
yield 
Straw' 
yield 
Grain 
yield 
Harvest 
index 
Environment x lines (E x L) 322 0.96** 0.33** 0.25** 18.96** 
Heterogeneity of 
regressions 23 2.44** 1.00** 0.62** 20.26 
Convergence 1 32.11** 16.70** 4.62** 20.32 
Nonconvergence 22 1.09 0.29 0.44** 20.26 
E X L residual 299 0.84** 0.27** 0.22** 18.86** 
Error 1035 0.66 0.23 0.15 13.50 
i^mes 10^ . 
•^Significant at P < 0.01 when tested against error mean square. 
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1.2 
1.1 
% I.Of 
3 
CQ 
> 
0^.9 
0.8h NI . 
CI .  
SI 
"X i t I .1 
3^ 5^ 7^ 9^ 1^ 
generations 
Figure 4. Scatter diagram of regression stability indexes for 
harvest index population means vs. generation 
number in the NX, CI, and SI lines of descent 
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generations in the regressions for harvest index in any line 
of descent. 
Line means The mean squares for heterogeneity among 
regressions of the oat lines within population were signifi­
cant in 10 of 15 cases (Table 57)- As with population means 
for this trait, convergence of regression lines was not an 
important factor in explaining the occurrence of genotype x 
environment variation. The portion of genotype x environment 
variation explained by linear regression varied from 6fo in the 
F. of CI to 12fo in of SI. 
The frequency distributions of the regressions for line 
means showed no trend of change over generations in any line 
of descent (Table 58). For all generations, there were high 
proportions of lines with regression not different from 1.0 
and with nonsignificant deviations from regression (Table 59)• 
Stability of seed weight 
Population means The mean square for heterogeneity 
among regression coefficients for population means of 100-seed 
weight was not significant (Table 60). 
Line means Line means for only three generations, F^ , 
Fy, and F^ ,^ were used in these stability analyses. The mean 
squares for heterogeneity among regressions were significant 
for all generations in all lines of descent (Table 61). 
The frequency distributions of the regressions of line 
means for seed weight showed no pattern of evolution across 
Table 57. Mean squares from analyses of variance on means of lines within genera­
tions and lines of descent for harvest index evaluated in the stability 
experiment 
Sources of 
variation 
Degrees of 
freedom 
Generations 
11 
Environment x 
lines (E X L) 4-34 
Heterogeneity of 
regressions 31 
Convergence 1 
Nonconvergence 30 
E X L residual 403 
Error^  1035 
Environment x 
lines (E x L) 4-34 
Heterogeneity of 
regressions 31 
Convergence 1 
Nonconvergence 30 
E X L residual 403 
Error^  IO35 
Northern Iowa 
19.18** 19.11** 26.18** 18.45** 20.48** 
28.31+ 
64.98* 
27.08** 
18.4?** 
13.50 
20.47* 
132.08++ 
16.75 
19.00** 
13.50 
23.10** 
215.30++ 
16.70 
26.41** 
13.50 
14.92 
20.42 
14.74 
18.72** 
13.50 
17.96 
199.72++ 
11.90 
20.68** 
13.50 
Central Iowa 
21.33** 19.92** 20.20** 21.02** 20.56** 
19.71 
20.89 
19.67 
21.46** 
13.50 
15.42 
37.64 
14.68 
20.26** 
13.50 
24.94** 
184.19++ 
19.63 
19.83** 
13.50 
22.27* 
139.11+ 
18.38 
30.93** 
13.50 
24.06** 
92.46+ 
21.78* 
20.29** 
13.50 
r^ror mean square from replicated check varieties on the same 15 environments. 
+,++Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
E X L residual mean square. 
*,**Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
error mean square. 
Table 57• (Continued) 
Sources of 
variation 
Degrees of 
freedom 
Generations 
3^ 5^ 7^ 9^ Fll 
Southern Iowa 
28.17** 21.89** 22.66** 21.24** 17.47 
32.13** 
44.58 
31.71** 
27.86** 
30.24** 
7.21 
31.01** 
21.25** 
19.95* 
13.23 
20.17* 
22.87** 
35.53++ 
115.66+ 
32.86+ 
20.14** 
17.22 
32.94 16,70 
17.49 
13.50 13.50 13.50 13.50 13.50 
Environment x 
lines (E x L) 4-34 
Heterogeneity of 
regressions 
Convergence 
Nonconvergence 
E X L residual 
Error^  IO35 
31 
403' 
1 
30 
** 
00 VO 
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Table 58. Frequency distributions of stability regression 
indexes for harvest index of oat lines measured 
in the stability experiment 
Genera Class midpoints 
tion b<0..0 0.2 0.6 1.0 1.4 1.8 b>2.0 
Northern Iowa 
- 4 4 14 6 4 -
'5 - 1 9 14 6 2 -
- 3 6 13 8 2 -
9^ - 1 8 13 9 1 -
1^1 — 3 5 15 8 1 -
Central Iowa 
F) - 2 7 15 6 2 -
F; - - 10 12 9 1 -
F? 1 1 8 11 9 2 -
Fg 2 - 3 16 10 1 -
Fll 1 2 5 17 6 - 1 
Southern Iowa 
F) 1 1 10 7 8 5 -
F; 1 2 6 12 8 3 -
F7 - 2 6 14 9 - 1 
F9 1 2 7 12 7 3 -
Fll — 1 7 17 5 2 -
Checks 2 18 4 
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Table 59* Frequency distributions of oat lines classified 
according to regressions and deviations from re­
gression (dev.) for harvest index assayed in the 
stability experiment 
b dif. from 1.0 
Generation b<1.0 NS dev. dev. b>1.0 
Northern Iowa 
3 19 8 2 
F^ 1 22 8 1 
Fy - 22 10 
F^ — 26 6 -
Fii 25 7 
Central Iowa 
F3 - 19 13 
F^ 22 9 1 
Fy 1 20 9 2 
F9 1 23 8 
1 20 10 1 
Southern Iowa 
F^  19 12 1 
F^  2 19 11 
Fy 1 19 12 
F^  2 24 5 1 
Fj_^  1 25 6 -
Checks - 17 7 -
— NS = not significant at P < 0.05. 
^S = significant at P < 0.05. 
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Table 60. Mean squares from analysis of variance of popula 
tion means for 100-seed weight evaluated in the 
stability experiment 
Sources of Degrees of 100-seed 
variation freedom weight 
Environment x population (E x P) 126 0.0489** 
Heterogeneity of regressions 14 0.0360 
Convergence 1 0.0001 
Nonconvergence 13 0.0385 
E X P residual 112 0.0510** 
Error^  690 0.0297 
r^ror mean square from replicated checks on the same 10 
environments. 
**Significant at P < 0.01 when tested against error mean 
square. 
generations in any line of descent (Table 62). Like in har­
vest index, a high proportion of the lines had regressions not 
different from 1.0 and nonsignificant deviations from regres­
sion (Table 63). 
Correlation between means and regression coefficients 
For all generations in all lines of descent, there were 
high and significant positive correlations between the regres­
sion stability indexes and line means for plant, straw, and 
grain yields (Table 64), Harvest index and seed weight means 
were not significantly correlated with the regressions. 
Table 61. Mean squares from analyses of variance on means of lines within genera­
tions and lines of descent for 100-seed weight evaluated in the stability 
experiment 
Sources of 
variation 
Degrees of 
freedom 
Generations 
11 
Environment x lines (E x L) 
Heterogeneity of regressions 
Convergence 
None o nve rgenc e 
E x L residual 
Error^  
Environment x lines (E x L) 
Heterogeneity of regressions 
Convergence 
None o nve rgenc e 
E X L residual 
Error^  
Northern Iowa 
279 
31 
1 
30 
248 
690 
Central Iowa 
279 
31 
248 
1 
30 
690 
0.0480** 
0.0640** 
0.0290 
0.0650** 
0.0460** 
0.0297 
0.0890** 
0.21404-*-
0.2440** 
O.2I3O++ 
0.0730** 
0.0297 
0.0450** 
0.0660+ 
0.2280+ 
0.0600** 
0.0430** 
0.0297 
0.0441** 
0.0656+ 
0.1576* 
0.0626** 
0.0414** 
0.0297 
0.0560** 
0.0510** 
0.0500 
0.0510** 
0.0570** 
0.0297 
0.0495** 
0.0663** 
0.0547 
0.0667** 
0.0474** 
0.0297 
E^rror mean square from replicated check varieties on the same 10 environments. 
+,++Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
E X L residual mean square. 
*,**Significant at P < 0.05 and P < 0.01, respectively, when tested against the 
error mean square. 
""able 61. (Continued) 
Sources of 
variation 
Degrees of 
freedom 
Generations 
11 
Southern Iowa 
Environment x lines (E x L) 
Heterogeneity of regressions 
Convergence 
Nonconvergence 
E x L residual 
Error^  
279 
31 
248 
1 
30 
690 
0.0511** 
0.0493* 
0.1275* 
0.0467* 
0.0513** 
0.0297 
0.0547** 
0.0525** 
0.0029 
0.0541** 
0.0550** 
0.0297 
0.0529** 
0.0544** 
0.0437 
0.0547** 
0.0527** 
0.0297 
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Table 62. Frequency distributions of stability regression 
indexes for 100-seed weight of oat lines measured 
in the stability experiment 
Class midpoints 
uenera­
tion b<0.0 0.2 0.6 1.0 1.4 1.8 b>2.0 
Northern Iowa 
3^ 2 2 9 8 8 2 1 
1 2 8 11 5 4 1 
Fll 1 3 6 
Central 
10 
Iowa 
10 1 1 
3 4 3 12 3 6 1 
1 7 5 12 2 1 
Fll 1 3 7 8 10 2 1 
Southern Iowa 
3^ - 2 7 14 7 - 2 
- 2 9 12 4 4 1 
Fll - 3 8 12 6 2 1 
Checks 6 13 4 1 . 
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Table 63. Frequency distributions of oat lines classified 
according to regressions and deviations from re­
gressions (dev.) for 100-seed weight assayed in 
the stability experiment 
Generation 
b NS'^  dif. from 1.0 
b<1.0 NS dev.  ^dev. b>1.0 
11 
Northern Iowa 
24 
25 
23 
4 
7 
6 
F 11 
Central Iowa 
2 14 
2 24 
22 
13 
6 
9 
Fr 
11 
Southern Iowa 
1 20 
2 19 
1 21 
10 
10 
10 
1 
1 
Checks 16 8 
^NS = not significant at P < 0.05. 
= significant at P < 0.05. 
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Table 64. Correlation coefficients (r) between stability re­
gression indexes and means of lines within genera­
tions and lines of descent for plant, straw, and 
grain yields, harvest index, and 100-seed weight 
estimated in the stability experiment 
Genera- Plant Straw Grain Harvest 100-seed 
tion yield yield yield index weight 
Northern Iowa 
0.80 0.81 0.81 0.27 0.12 
•4 0.72 0.77 0.54 0.46 -
F? 0.57 0.75 0.39 0.55 0.33 
F, 0.71 0.76 0.62 0.21 -
Fll 0.59 0.67 0.63 0.60 0.18 
Central Iowa 
3^ 0.86 0.90 0.74 0.18 -0.19 
F; 0.84 0.84 0.78 0.28 -
F 0.76 0.83 0.62 0.49 0.28 
F9 0.74 0.76 0.58 0.45 -
Fll 0.65 0.75 0.58 0.35 0.16 
Southern Iowa 
F) 0.77 0.85 0.70 0.21 0.29 
F; 0.68 0.79 0.53 0.09 -
0.83 0.76 0.80 
-0.15 0.04 
9^ 0.71 0.76 0.71 0.32 -
Fll 0.68 0.72 0.70 0.25 0.16 
leaks 0.76 0.85 0.57 -0.21 0.18 
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DISCUSSION 
Generation Means and Variances 
My results show that natural selection induced changes in 
the means of a composite oat population for plant, straw, and 
grain yields, in three different lines of descent, i.e., 
northern (Nl), central (Cl), and southern Iowa (SI). The 
magnitude and timing of the responses to natural selection 
differed for the three lines of descent, but in all three, the 
general pattern was for increased yield. 
Two major changes in means for plant, straw, and grain 
yields were detected in the stability experiment for the NI 
line of descent, one between and and the other between 
F^  and F^ .^ The intervening generations had more or less 
steady means. In the SI line of descent, the only major change 
in yield occurred between F^  and F^ #^ whereas, in CI the 
changes were small and more or less constant through all 
generations up to F^ »^ These patterns of change in means 
paralleled for NI and SI patterns of change in the environment. 
It is well known that the effect of natural selection on the 
evolution of a population depends on the changes in the en­
vironment relative to the needs of the population for adapta­
tion (Stebbins, 1971 )• In NI the F^  was produced under con­
ditions of severe crown rust infestation, which probably en­
hanced resistance to crown rust in the population but not 
yield. The next year when the was produced the 
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environmental conditions for oats productivity were excellent. 
Under these conditions the genotypes which could get more ad­
vantage of the optimum productivity environment were favored 
by natural selection and a positive change of the mean yields 
would be expected. Since the was not tested in my experi­
ments, that change probably was the one observed in the 
produced the following year. A positive change was apparent 
for the NI line of descent but not for the SI line of descent, 
and the reason for this may be that the in SI was produced 
under severe infestation by barley yellow dwarf virus (BYDV). 
This condition, although good for selecting for resistance 
against BYDV, may have caused selection for depressed yield in 
the population. Suneson (1956) found that natural selection 
would shift a barley population toward resistant genotypes 
for BYDV, but he observed a slight depressing effect on 
yield also. From P^  to there were changes in means for 
yield traits in NI and SI. Por these changes the explanation 
is also based on abnormalities in the environment. In 1964, 
the environment again was optimum for productivity, and, as on 
the previous occasion, the genotypes capable of taking advan­
tage of these conditions were favored over others, and an in­
crease in mean yield was produced. Regarding CI, there was a 
different situation. Here, the population was always protected 
against foliar diseases by fungicide treatment. CI was a high 
productivity environment throughout the years when this line of 
descent was propagated, and the changes between generations in 
100 
CI were not great but natural selection caused a steady 
improvement of yield. The validity of these explanations for 
relationships between changes in mean yields and conditions 
of selection environments is reflected in the differential 
magnitudes of response detected for this line of descent when 
assessed in the genetic experiment (i.e., in Central Iowa) vs. 
the stability experiment (i.e., over 15 environments). In 
the genetic experiment the CI line of descent showed a larger 
response to natural selection than did SI or NI. In contrast, 
in the stability experiment, the SI and NI lines of descent 
showed a greater response to natural selection than did the 
CI one. These results suggest that the CI line of descent 
was selected for specific adaptation to the CI environment, 
whereas the NI and SI lines of descent were selected for re­
sponse to a wider range of environmental variation. Fatunla 
(1973) observed a similar pattern of response to natural selec­
tion in studies where he used the same CI line of descent. 
The CI line of descent also gave a higher mean square for 
environment x lines/populations interaction than did the other 
lines of descent when tested over 15 environments (Tables 16 
and 49). Such a result would be expected if the lines had 
specific adaptation for the CI environment. 
Jain (1961), working in California, found no major 
changes in mean grain yields of barley lines from Composite 
Cross V between to Fy, but between Fy and F^ j^, there were 
large increases. And, Allard and Jain (I962) found similar 
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patterns of change for heading time, plant height, spike 
length, and seed size, accompanied incidentally, by a continu­
ous decrease of phenotypic variances between and within 
families. These results were attributed to the combined 
effects of directional and stabilizing selection with hetero-
zygotes being favored. My study was not designed to dis­
criminate between these types of selection because no provi­
sions were made to measure within line variation nor hetero­
zygosity level in the different generations. It was clear, 
however, that directional selection had operated for grain, 
straw, and plant yields in all three lines of descent. 
Even though there were significant variations among 
generations for harvest index and seed weight in all three 
lines of descent, the magnitudes of changes in means of these 
traits were very small and of no apparent steady direction. 
The genotypic variances for these traits were small, even in 
F^ , so perhaps, there was not enough variability to permit 
significant changes via natural selection. Prey (196?) found 
no significant changes for seed weight, heading date, or plant 
height over a period of seven years for a bulk oat population 
of the same origin as mine, and Fatunla (1973) found no sig­
nificant changes for these traits either. 
Means for date of heading in were different for the 
three lines of descent with NI being later than the other two. 
There were, however, no important trends on a generation 
basis. Similar results were obtained for number of spikelets 
102 
per panicle, length of the flag leaf, and plant height. For 
all of these traits, genotypic variances were relatively 
small, and there were no definite patterns of change in any 
of the lines of descent. 
Natural selection acting upon this particular bulk popu­
lation of oats brought about improvements in straw and grain 
yields in all lines of descent. Each line of descent had a 
different influence with respect to timing and magnitude of 
the responses observed, and probably this was directly re­
lated to the magnitude and timing of changes in the conditions 
of the propagation environments over generations. I have 
attempted to show that the drastic deviations in conditions 
of the selection environment brought about the largest re­
sponses to natural selection in a population, and steady 
environments brought about gradual but steady changes in the 
population means. High productivity environmental conditions 
tended to shift the means of the bulk toward higher yields, 
but persistent propagation in such an environment also tended 
to selection advantage of genotypes specifically adapted to 
these conditions. Therefore, although the bulk population 
method was effective for improving yield of the bulk, to ob­
tain stability of performance along with those high yields, 
the population needed to be subjected to a variety of propsiga-
tion or selection environments. 
Another thing apparent in this study, the high genetic 
quality of the starting population. The samples of lines in 
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all generations of all lines of descent were higher in mean 
yield than that of check varieties in both experiments. And, 
even after natural selection had been operating for eight 
years, there was no indication that the variability for yield 
had been exhausted. 
Stability Parameters 
There were some trends of change for the stability in­
dexes, and especially the regression index, for plant, straw, 
and grain yields, and seed weight, but these trends were not 
statistically significant. Between and the mean re­
gression indexes for grain yield for the three lines of 
descent increased from 0.93 to 1.11 in NX, from 0.95 to I.07 
in CI, and from 0.90 to I.06 in SI. Even though these trends 
were not statistically significant, they show that natural 
selection tended to drive the population to a level of 
stability that may be the most appropriate from the plant 
breeding point of view. In general, for the three traits, the 
trends were for the regression stability indexes to increase 
to values greater than 1.0. The means of regression indexes 
show that the populations, on average, were becoming better 
adapted to environments with moderate to high productivity. 
Fatunla (1973) found a decrease from 1.1? to 1.02 between 
F^  and F^ g^ the mean regression index of grain yield in a 
line of descent similar to mine from CI. The patterns for 
regression stability indexes for plant and straw yields were 
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the same as that observed for grain yield. 
Because the regression indexes for the population means 
were close to average stability, i.e., 1.0, one might be 
tempted to argue that these populations were stable because 
they were heterogeneous, and heterogeneous populations gener­
ally are veiy stable (Allard, I96I; Pacucci and Prey, 1972). 
My stability indexes were derived, however, from components 
(i.e., lines) of the bulk grown in pure stand and not in bulk, 
so they provide a general idea of the populations mean 
stability, but not for the lines growing under competitive 
conditions. A high proportion of the individual lines within 
each population had average stability for yield, even in early 
generations. The CI line of descent showed the largest pro­
portion of oat lines with regression values significantly 
different from 1,0 for all three traits, and the SI line of 
descent was characterized for having the highest proportion 
of lines with average stability (i.e., regression indexes not 
significantly different from 1.0 and nonsignificant deviations 
from regression). This confirms the observations on the gen­
eration means, which indicated that in the CI line of descent, 
the response to natural selection was toward specific adapta­
tion whereas in SI and NI the response was more toward wider 
adaptation. 
In all populations, only from 10 to 209S of the genotype x 
environment variation was explained by the heterogeneity among 
regression indexes. These results are consistent with those 
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of Patunla (1973) and Eagles (1975) who evaluated random 
lines of oats also. 
For harvest index and seed weight, about 70?S of the lines 
had average stability, and there were no apparent trends of 
change from to F^ '^ Here again, the heterogeneity among 
regression indexes accounted only for a small portion of the 
total genotype x environment interaction. 
Finally, high and positive correlations were found be­
tween regression stability indexes and line means for plant, 
straw, and grain yields, indicating that any increase in yield 
was associated with an increase in the regression indexes. 
This relationship may be detrimental for plant breeding, be­
cause as high yielding genotypes were selected, one would be 
selecting for specific adaptation to high yielding environ­
ments. However, the fact that improvement for the yield 
traits was achieved in the three lines of descent and at the 
same time the populations maintained a good average stability 
is indicative that there must be a degree of independence be­
tween stability and mean yield that is not shown by this 
parameter. Frey (1972), Fatunla (1973)• and Eagles (1975) 
also found high positive correlations between regression in­
dexes and grain yield means for oat lines. These results, 
however, disagree with the nonsignificant and low correlations 
obtained by Langer et al. (I976). In this latter study the 
genotypes were released varieties. Seemingly, such materials 
would represent elite combinations of genes for both high yield 
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and good adaptability to many environments. 
The fact that the regression indexes did not explain a 
major portion of the variability in response of genotypes to 
changing environments does not mean that stability cannot be 
achieved through selection. Busch et al. (1976) working with 
bulk populations of hard red spring wheat, found that the 
parental regressions were not significantly associated to 
general combining ability effects estimated from crosses in­
volving these parents (r = 0.49) but the parental deviations 
from regression were significantly associated (r = 0.72). 
Langer and Prey (1976) point out the possible usefulness of 
the phenotypic standard deviations as criteria for preliminary 
screening when dealing with large populations because this 
parameter takes into account both linear regression and 
deviations from regression. 
My findings and those of other authors show that the 
bulk-population method is a useful aid to plant breeding, 
especially in the self-fertilizing crops, since it is a cheap 
procedure for handling large segregating populations to the 
point where homozygosity is achieved. Yield and stability of 
performance over changing environments are achieved with no 
major effort or investment. Some considerations, however, 
must be kept in mind. For natural selection to be effective 
in selecting for stable genotypes, it is necessary to provide 
a variable selection environment. Also, it is important that 
the initial population has enough variability upon which 
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natural selection could act. 
The regression stability indexes do not explain a large 
proportion of the genotype x environment variation, and high 
correlations exist between mean yields and regression stabili­
ty indexes of oat lines. Practical results, however, show 
that both high yield and wide adaptability can be selected in 
the same oat lines. Results to date do not encourage selec­
tion for regression stability indexes since their heritabili-
ties are low. So, it may be necessary to search for other 
parameters to measure stability, and to demonstrate beyond a 
doubt the genetic nature of the stability as measured by such 
parameters. 
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SUMMARY 
Two evaluation experiments were conducted to study the 
effects of natural selection upon stability indexes and other 
quantitatively inherited traits in a heterogeneous population 
of oats that originated by bulking F2 seed from 250 crosses. 
Three environments of selection (lines of descent) were ob­
tained by propagating samples from the original bulk during 
eight consecutive years at three locations, northern (NX), 
central (CI), and southern Iowa (SI). 
The genetic experiment was sown in Ames (i.e., CI) with 
24 lines from the F^ , Fy, and F^ ^^  each line of descent, 
and 24 check varieties, using a complete randomized block de­
sign with 5 replications. For the stability experiment, 32 
lines from the F^ , F^ , Fy, F^ , and F^  ^from each line of 
descent, plus the same 24 check varieties were evaluated in 15 
environments. An augmented block design was used for this 
experiment, with the lines unreplicated and the check varie­
ties replicated four times in each environment. In both ex­
periments hill plots were used. 
Changes in generation means and genotypic variances were 
estimated for plant, straw, and grain yields, harvest index, 
and 100-seed weight from data collected in both experiments; 
and from data on number of spikelets per panicle, date of 
heading, plant height, and flag-leaf length collected in the 
genetic experiment. 
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Stability indexes (i.e., regression stability index, and 
mean square for deviation from regression) were estimated in 
the stability experiment for plant, straw, and grain yields, 
harvest index, and 100-seed weight on a population (i.e. , a 
generation in a given line of descent) mean and on a line mean 
basis. 
Natural selection induced changes in the means of the 
bulk populations of oats for plant, straw, and grain yields in 
all three lines of descent. The magnitude and timing of the 
response to natural selection, however, were different for the 
three lines of descent. The two major changes in means for the 
yield traits in the NX line of descent (between to and 
between and F^ )^, and the one in the SI line of descent 
(between F^  and F^ )^ seemed to be related to changes in the 
environment. In CI, where there were no major changes of the 
environment, there was a small but steady increase in the means 
of yield traits. In all cases, these trends were accompanied 
by sporadic but decreasing trends in genotypic variances. 
In the NI and SI, where the more drastic changes of en­
vironmental conditions occurred, selection was for adaptability 
to a wide range of environmental variation, whereas in CI, 
where the environmental variation was mild, selection was more 
for specific adaptability to the particular conditions in 
that selection environment. 
The regression stability index for the population means 
increased from values slightly below 1.0 to values slightly 
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above 1.0 indicating selection toward adaptability for medium 
to high productivity environments. 
Harvest index, 100-seed weight, number of spikelets per 
panicle, date of heading, plant height, and flag-leaf length 
did not show major changes in means across generations, nor 
were there any important changes in stability indexes for 
harvest index and 100-seed weight. 
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APPENDIX 
Table 65. Stability indexes (i.e., mean, regression index, and mean square for 
deviations from regression) for plant, straw, and grain yields, harvest 
index and 100-seed weight of check varieties, as estimated in the 
stability experiment 
Entry 
no. 
Plant yield Straw yield 
Variety Mean b M.S. dev. Mean b M.S. dev. 
Richland 121 4510.79 1.032 979744.38 2305.52 0.951 333516.69 
Cherokee 122 3805.53 
4600.29 
0.892 584856.44 2090.72 0.900 150171.38 
Tippecanoe 123 1.054 751927.56 2787.47 1.090 579193.13 
Jaycee 124 4378.33 1.021 1174739.00 2278.67 0.965 288990.13 
Neal 125 4671.89 1.184 619289.75 2477.36 1.150 196995.75 
Mult. E 7^  126 4038.23 1.036 655815.88 2210.65 0.969 196639.38 
Garland 127 4270.93 0.938 659711.88 2309.23 0.978 142107.06 
Holden 128 4430.24 1.060 589969.19 2328.79 0.954 182695.56 
Mult. M 73 129 4387.28 1.196 1134317.00 2339.59 1.155 376637.06 
Otter 130 4951.13 1.236 909930.56 2670.68 1.285 550278.25 
CI9170 131 3784.05 
4918.91 
1.107 759809.19 2097.95 1.069 202052.50 
Portal 132 0.960 870876.38 2670.68 0.991 324714.38 
Dal 133 4770.34 1.062 908865.69 2887.27 1.230 296128.25 
Nodaway 70 134 4915.33 1.152 410866.44 2765.55 1.244 173277.38 
O'Brien 135 4052.55 I.O83 1295440.00 2137.26 1.020 312376.75 
CI9I72 136 3710.66 0.765 351365.60 2003.01 0.780 114853.88 
c19174 137 3757.20 0.916 792770.25 2090.72 0.950 229550.56 
CI9I78 138 3721.40 0.936 1204486.00 2051.34 0.915 354761.06 
CI9I8I 139 2237.49 0.491 524565.25 1201.09 0.495 186604.25 
019184 140 4219.02 1.121 1163700.00 2328.79 1.149 435556.81 
CI9I86 141 4387.28 1.050 846812.75 2377.12 1.006 204234.88 
Nobel 142 4299.57 1.034 466149.00 2282.25 0.952 122789.19 
Stout 143 3656.96 0.782 1103017.00 1956.47 0.804 258967.13 
Grundy 144 4849.10 0.886 630528.25 2634.88 1.001 319552.69 
Table 65. (Continued) 
Grain yield Harvest index 
Variety no. Mean b M.S. dev. Mean b M.S. dev. 
Richland 121 2205.28 1.162 202233.13 49.5 0.938 9.44 
Cherokee 122 1714.82 0.901 I80910.44 45.6 0.920 15.32 
Tippecanoe 123 1879.50 0.787 144217.44 41.9 0.997 31.11 
Jaycee 124 2099.57 1.090 341378.44 48.5 0.835 8.12 
Neal 125 2194.54 1.239 164466.06 47.7 1.040 7.09 
Mult. E 74 126 1827.59 1.132 167761.88 45.6 0.652 10.89 
Garland 127 1961.70 0.847 226270.81 46.5 0.873 16.71 
Holden 128 2101.46 1.237 204508.56 47.7 0.814 32.71 
Mult. M 73 129 2047.76 1.252 253859.81 47.6 1.037 10.37 
Otter 130 2280.46 1.205 146835.13 47.3 1.318 28.97 
CI917O 131 1686.18 1.187 216641.88 45.0 1.036 16.08 
Portal 132 2248.24 0.923 161498.00 46.3 0.988 8.37 
Dal 133 1883.08 0.796 234777.00 40.6 1.173 29.16 
Nodaway 70 
O'Brien 
134 2149.79 0.999 118266.25 44.7 1.239 20.18 
135 1915.30 1.207 361441.25 47.8 1.012 6.49 
CI9I72 136 1707.66 0.736 125751.06 46.6 O.8O9 18.66 
CI9I74 137 1666.49 0.905 212624.25 45.2 1.182 15.91 
CI9I78 138 1670.07 0.978 277249.06 45.5 0.743 31.06 
CI9I8I 139 1036.41 0.491 109944.44 47.3 0.919 31.81 
019184 140 1890.24 1.101 201911.88 45.8 1.340 6.23 
CI9I86 141 2010.17 1.151 238285.50 46.2 1.007 14.75 
Nobel 142 2017.33 1.147 153091.75 47.3 0.760 12.77 
Stout 143 1700.50 0.810 354697.50 47.1 1.313 19.50 
Grundy 144 2214.23 0.718 185455.38 46.5 1.063 34.21 
Table 65. (Continued) 
Entry 100-seed weijsjht 
Variety no. Mean b M.S. dev. 
Richland 121 2.35 I.052 0.04 
Cherokee 122 2.95 O.923 O.03 
Tippecanoe I23 2.86 1.428 0.05 
Jaycee 124 2.83 1.201 0.05 
Neal 125 2.90 1.274 0.11 
Mult. E 74 126 2.8S 0.981 0.04 
Garland 127 2.94 1.066 0.02 
Holden 128 3.04 1.146 0.02 
Mult. M 73 129 2.64 0.786 0.02 
Otter 130 3-18 1.020 O.O8 
CI9170 131 2.74 1.069 0.04 
Portal 132 2.86 0.728 0.02 
Dal 133 2.83 0.790 0.10 
Nodaway 70 134 3«07 1.156 0.06 
O'Brien 135 2.97 0.811 0.08 
CI9I72 136 2.88 1.288 0.03 
CI9I74 137 2.94 0.975 0.08 
C19178 138 2.98 1.100 0.05 
CI9I8I 139 2.69 1.043 0.08 
CI9184 140 2.63 0.809 0.02 
CI9I86 I4l 2.66 0.582 0.03 
Nobel 142 2.94 1.641 0.C3 
Stout 143 3*03 0.658 0.03 
Grundy 144 2.86 0.502 0.07 
